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LYSIMETERS:  A  SURVEY  AND  DISCUSSION 

By  Helm«ut  Kohnke  and  F.  R.  Dreibelbis  1 

INTRODUCTION 

With  the  great  impetus  that  soil  conservation  and  flood-control 
work  have  given  to  the  study  of  the  relations  of  water  to  soil,  lysim- 
eters have  received  wider  attention  during  the  past  decade  than  at 
any  previous  time.  They  have  been  used  for  at  least  two  and  a  half 
centuries  in  studies  of  the  percolation  of  water .  through  soil.  The 
purpose  of  such  studies  may  be  strictly  hydrological,  attention  being 
given  only  to  the  rate  and  amount  of  the  percolate.  In  most  of  the 
more  recent  investigations  the  chemical  composition  of  the  percolate 
is  analyzed,  generally  as  a  part  of  the  study  of  the  fertility  balance  of 
the  soil,  but,  in  some  cases,  in  connection  with  studies  of  the  genesis 
and  development  of  soils. 

i  The  authors  wish  to  express  their  appreciation  to  W.  U.  Garstka,  Hydrologic  Division,  Soil  Conserva- 
tion Service,  for  guidance  and  valuable  assistance  given  in  the  development  of  this  publication. 
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CLASSIFICATION  OF  LYSIMETERS 

Lysimeters,  classified  according  to  the  principles  of  construction, 
are  of  three  major  types:  (1)  Monolith,  or  undisturbed  soil-block; 
(2)  Ebermayer,  and  (3)  Filled-in. 

In  the  first  type,  a  case  is  built  around  the  sides  of  a  block  of  soil 
as  it  is  found  in  the  field,  a  partly  open  bottom  is  attached,  and  the 
percolate  is  conducted  to  receiver  tanks.  In  the  Ebermayer  type, 
the  soil  is  left  in  situ  and  a  percolate  collecting  funnel  is  placed  under 
it,  but  no  side  walls  separate  a  definite  soil  block  from  the  adjoining 
soil.  A  tube  attached  to  the  funnel  conveys  the  percolate  into  a 
receptacle.  The  filled-in  type  consists  of  a  container,  which  has  ver- 
tical walls,  an  open  top,  and  a  bottom  that  provides  for  percolation  and 
is  filled  with  soil  that  has  been  removed  from  its  original  location  and 
that  usuaUy  has  been  screened  and  mixed  in  order  to  make  it  uniform. 
In  some  lysimeters  of  this  type  the  tops  of  the  side  walls  are  com- 
pletely covered  with  soil  so  that  the  ground  is  level  with  the  sur- 
rounding soil.  This  construction  permits  natural  run-off  and  elimi- 
nates the  border  effect  resulting  from  the  unplanted  area  along  the 
rim  of  the  lysimeter.  In  these  lysimeters  an  attempt  is  made  to 
combine  the  advantages  of  both  the  filled-in  and  the  Ebermayer 
types.  A  special  kind  of  the  filled-in  type  can  be  called  the  labora- 
tory lysimeter,  which  is  usually  small  in  size  and  artificially  supplied 
with  water  or  a  solution.  It  is  used  to  study  specific  problems;  and 
experiments  with  it  are  usually  restricted  to  short  periods  because 
the  rather  unnatural  conditions  tend  quickly  to  deteriorate  the  soil. 

Lysimeters  may  also  be  classified  according  to  the  type  of  provision 
made  for  the  run-off  of  rain  water  that  falls  in  excess  of  the  infiltration 
rate.     The  following  classes  are  in  use: 

(1)  Unlimited  run-off:  The  Ebermayer  lysimeters  allow  unrestricted 
run-off,  since  they  have  no  side  wails.  A  number  of  the  more  recent 
lysimeters  of  the  soil-block  type  (table  1)  are  constructed  to  permit 
run-off,  as  are  also  the  filled-in  tvpes  at  San  Dimas  and  Berkeley,  Calif. 
U,  8,  10),2  and  at  La  Crosse,  Wis.  {205). 

(2)  Run-off  through  overflow  pipes:  Some  lysimeters  are  provided 
with  overflow  pipes  a  short  distance  above  the  soil  surface.  This  per- 
mits the  water  of  very  large  rainstorms  to  run  off,  but  a  certain  amount 
of  water  will  remain  standing  on  the  soil  surface.  Dalton  (211) 
recognized  the  necessity  of  natural  run-off  and  installed  a  vertical 
overflow  pipe  in  his  first  lysimeter.  The  soil  soon  settled  below  the 
level  of  the  pipe  opening,  however,  making  the  device  ineffective. 
Among  the  more  recent  installations  only  the  two  sets  of  lysimeters 
in  India  are  equipped  with  horizontal  overflow  pipes,  which  are  about 
3  inches  above  the  groimd. 

(3)  No  run-off:  The  great  majority  of  the  lysimeters  of  the  filled-in 
type  (and  a  number  of  the  soil-block  type)  are  encased  with  walls 
that  extend  above  the  soil  surface  on  all  sides.  Such  lysimeters  dis- 
pose of  the  rainfall  entirely  through  percolation,  evaporation,  or 
transpiration.  The  absence  of  provision  for  outflow  of  run-off 
results  in  a  stagnation  of  water  on  the  top  of  the  soil  after  nearly  every 
rain,  particularly  on  heavy  soils. 


2  Italic  numbers  in  parentheses  refer  to  Bibliography,  p.  32. 
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Table    I.— Data  on  soil-block  and  Ebermayer  lysimeters  with  undisturbed  soils 

SOIL-BLOCK  LYSIMETERS 


Investigator  and  citation 
number  in  bibliogra- 
phy, or  footnote 


Location 


Year 
of  in- 
stalla- 
tion 


Pre- 

cipi- 
ta- 
tion 


Drainage  as 
percentage  of 
precipitation 


Prov 

sionfor 
run-off 


Remarks 


Lawes  and  Gilbert  (early 
work)  Miller  (later 
work)  (224,  227,  242, 
252) 

E.  L.  Sturtevant  (77,  84, 
111). 

Sturtevant  and  Babcock 
(93,122). 


Babcock  and  Goff  (99)  .. 

J.  W.  Sanborn  (85) 

Burt  and  Leather  (290)  _ 

R.  E.  Horton  (103) 

We\be\(463,474,476)--- 
Arnott  and  Leather  (284) 
Hendrick     and     Welsh 

(263,  267,  271,  272,  276, 

278). 
Miller  and  Duley  (86)  .  - 
Weaver  and  Crist 4 


Duley  (87) 

Winnik(308) 

Harper 6 

F.  Shreve(2) 

Musgrave  (65) 

California    Forest     and 

Range  Experiment 

Station.7 
Southwestern  Forest  and 

Range  Experiment 

Station.7 
Musgrave  (65,  69) 


Lake  States  Forest  Ex- 
periment Station  (205) . 


Southwestern  Forest  and 
Range  Experiment 
Station.7 

Musgrave  9 

Southwestern       Forest 
and  Range  Experiment 
Station.7 
Osugi  (313) 

Stauffer  and  Smith  (59).. 

North  Appalachian  Ex- 
perimental Watershed, 
Soil  Conservation  Ser- 
vice (138,  139,  140) . 

Southwestern  Forest  and 
Range  Experiment 
Station.7 

Southwestern  Forest  and 
Range  Experiment 
Station.7 


Rothamsted,    Eng- 
land. 


Massachusetts. 
Geneva,  N.  Y. 


....do 

Columbia,  Mo 

Cawnpore,  India 

Grafenburg,  N.  Y__. 
Ploti,  Soviet  Union, 

Pusa,  India 

Aberdeen,  Scotland 


Columbia,  Mo. 
Lincoln,  Nebr_. 


Columbia,  Mo. 

Palestine 

Oklahoma 

Tucson,  Ariz... 
Temple,  Tex... 
Berkeley,  Calif. 


Sierra  Ancha  Ex- 
perimental Forest, 
Globe,  Ariz. 

Clarinda,  Iowa 


Upper  Mississippi 
Valley  Soil  and 
Water  Conserva- 
tion Experiment 
Station,  La  Crosse, 
Wis. 

Sierra  Ancha  Ex- 
perimental Forest, 
Globe,  Ariz. 

Statesville,  N.  C___. 

Fort  Valley  Branch 
Station,  Fort  Val- 
ley, Ariz. 

Kyoto,  Japan 

Urbana,  111 

Coshocton,  Ohio 


Sierra  Ancha  Ex- 
perimental Forest, 
Globe,  Ariz. 

....do 


Tvches 
29.0 


Per  rent 
47. 1  to  53.  2 


1875 
1882 


1887 
1888 
1903 
1904 
1905 
1906 
1914 


1918 
1923 

1925 
1925 
1927 
1929 
1931 
1932 


1932 
1933 


1934 


1934 


1934 
1935 


1935  10 
1935 


1937 
1938 


137.6 


2  41.5 

3  43.8 


31.5 


44.  3  to  48. 


16.0 
40.0 
34.6 


d.  6  to  11.  4 
25.0 
52  Do  55 


(5) 


20.0 


"25. 


8  5.  6  to  22.  9 


145.0 


11  60.  5 


No. 


No. 
No. 


No.. 
No.. 
Yes. 
No.. 
No__ 
Yes. 
No.. 


Yes. 
Yes. 

No.. 
No.. 
Yes. 


Yes 
Yes. 


Yes. 
Yes. 


Yes. 


Yes.. 


Yes. 
Yes. 


No.. 
Yes. 
Yes. 


Yes. 
Yes. 


With    weighing 
mechanism. 


With  tensiome- 
ters  for  measur- 
ing capillary 
tension  of  soil 
moisture. 


With  self-record- 
ing weighing 
mechanism. 


1  Surface  of  the  lysimeter  sodded. 

2  Surface  of  the  lysimeter  bare. 

3  Surface  of  the  lysimeter  cultivated. 

4  Weaver,  J.  E.,  and  Crist,  J.  W.    direct  measurement  of  water  loss  from  vegetation  without 

DISTURBING  THE  NORMAL  STRUCTURE  OF  THE  SOIL.     Ecology  5:  153-170.     1924. 

5  Irrigated. 

6  Harper,  H.  J.    a  study  of  lysimeter  installations  for  the  measurement  of  gravitational 
water.    Unpublished  paper  presented  before  the  meeting  of  the  Amer.  Soc.  Agron.,  November  1937. 

7  Unpublished  data  through  courtesy  of  U.  S.  Forest  Service. 

8  Musgrave  and  Neal  (68). 

9  Private  communication. 
i°  Year  published. 

n  Data  for  1  year  only. 
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Tabi  a   1. — Data  on  soil-block  and  Ebermayer  lysimeters  with  undisturbed  soils- 
Continued 


EBERMAYER  LYSIMETERS 

Investigator  and  citation 
number  in  bibliogra- 
phy, or  footnote 

Location 

Year 
of  in- 
stalla- 
tion 

Pre- 

cipi- 
ta- 
tion 

Drainage  as 
percentage  of 
precipitation 

Provi- 
sion for 
run-off 

Remarks 

Welbel  (468,  m,  476) 

W.  W.  Gemmerling  (481). 

Ploti,  Soviet  Union. 
Moscow,  Soviet 

Union. 

Soviet  Union 

New       Brunswick, 

N.J. 

Geneva,  N.  Y 

New  Haven,  Conn.. 
Oklahoma  _. 

1903 
1922 

1928 
1929 

1932 
1933 

Inches 
16.0 

Percen  t 
1.9  to  11. 4 

Yes... 
Yes... 

Yes.._ 
Yes... 

Yes... 
Yes... 
Yes... 
Yes... 

V.P.Popov  (482) 

J.S.Jofle  (88,  89, 90, 91).. 

R.  C.Collison  (131) 

H.  A.  Lunt  (19,23) 

H.J.  Harper  6._ 

35.8 

.  3  to  37.  6 

4.  0  to  18.  8 
11.  1  to  85.  8 

University    of    Pretoria 

Pretoria,  South 
Africa. 

1934 

(489). 

SHARPER,   H.   J.     A  STUDY  OF  LYSIMETRR  INSTALLATIONS  FOR  THE   MEASUREMENT  OF  GRAVITATIONAL 

water.    Unpublished  paper  presented  before  the  meeting  of  the  Amer.  Soc.  Agron.,  November  1937. 

Lysimeters  may  also  be  classified  in  two  groups:  Those  that  are 
and  those  that  are  not  weighed.  The  very  nature  of  the  Ebermayer 
lysimeters  prohibits  any  weighing,  whereas  both  the  soil-block  and 
the  hlled-in  types  can  be  weighed.  Because  the  weighing  of  a  large 
mass  of  soil  in  a  heavy  container  is  a  cumbersome  task,  not  many 
Lysimeters  have  been  installed  with  weighing  mechanisms.  Investi- 
gators interested  in  studying  only  the  fertility  balance  of  soils  can 
easily  dispense  with  such  installations.  Some  lysimeters  (351,  357)  3 
are  so  arranged  that  scales  can  be  rolled  underneath  them.  In  only 
two  cases,  so  far  as  the  authors  know,  is  a  set  of  scales  placed  perma- 
nently under  the  lysimeter  (139,  1J+0,  396,  897). 

In  a  great  majority  of  experiments  the  moisture  content  of  lysimeter 
soils  has  not  been  recorded.  This  is  due  to  the  difficulties  connected 
with  such  determinations  and  also  to  the  lack  of  appreciation  of  the 
importance  of  information  on  moisture  content.  A  number  of 
investigators  determine  the  moisture  content  of  the  soil  by  weighing 
the  whole  lysimeter.  This  gives  accurate  data  only  where  the  dry 
weight  of  the  original  soil  is  available,  as  it  may  be  in  refilled  lysimeters ; 
for  soil-block  lysimeters  the  data  will  at  best  be  approximate.  The 
weighing  method  can  give  only  the  average  moisture  content  of  the 
total  soil  and  does  not  indicate  the  distribution  of  the  moisture. 
Weighing  of  lysimeters  containing  soil  on  top  and  sand  on  the  bottom 
does  not  yield  any  direct  data  with  respect  to  soil  moisture.  A 
similar  objection  can  be  raised  against  weighing  soil-block  lysimeters, 
since  the  natural  soil  profile  tends  to  distribute  soil  moisture  un- 
evenly. Lysimeters  filled  with  only  one  type  of  uniformly  mixed 
soil  may  have  different  moisture  contents  at  various  depths.  It 
should  be  kept  in  mind  that  the  purpose  of  weighing  lysimeters 
usually  is  not  the  determination  of  soil  moisture  but  the  tracing  of 
evaporation  and  transpiration,  for  which  purpose  information  regard- 
ing the  distribution  of  soil  moisture  may  not  be  necessary. 

The  direct  determination  of  soil  moisture  in  lysimeters  might  be 
carried  out  by  removing  soil  samples  and  making  a  gravimetric  deter- 
mination. This  technique,  however,  would  destroy  the  lysimeter, 
since  the  openings  left  in  the  soil  would  permit  excessive  percolation. 
Under  special  circumstances  destruction  of  the  lysimeter  would  not  be 
objectionable,  as,  for  instance,  when  the  exact  soil  moisture  in  a  lysim- 
eter at  a  definite  time  is  the  object  of  research.     For  the  ordinary 

3  Personal  communication  from  H.  Baumann,  concerning  Berlin-Dahlem  lysimeters,  March  1938. 
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type  of  lysimeter  installation  a  direct  measurement  of  soil  moisture 
throughout  the  profile  without  disturbing  the  soil  should  be  considered 
a  prerequisite.  Tensiometers  have  recently  been  used  successfully 
(69)  for  this  purpose.  The  effective  range  of  tensiometers  in  indicat- 
ing soil  moisture,  however,  is  not  wide  enough  for  all  lysimeter  in- 
vestigations. The  development  of  a  reliable  in  situ  soil-moisture 
meter  is  urgently  needed. 

Two  main  types  of  lysimeters  can  be  distinguished  with  respect  to 
the  method  by  which  the  percolating  water  is  conducted  from  the  soil 
to  the  receiver  tanks.  In  one,  the  soil  (or  in  the  deeper  soil-block  type 
lysimeters,  the  parent  material)  rests  immediately  on  the  funnel  or 
perforated  bottom  plate ;  in  the  other,  a  layer  of  sand  or  gravel  is  placed 
between  the  soil  and  the  lysimeter  bottom.  The  percolating  water  on 
its  way  to  the  receivers  is  always  protected  from  evaporation,  and  in 
some  lysimeters  (152)  it  is  protected  also  from  oxidation. 
HISTORY  OF  LYSIMETER  STUDIES 

It  probably  will  never  be  known  who  was  the  first  to  study  the  per- 
colation of  water  through  soil,  but  it  seems  likely  that  such  experi- 
ments were  carried  out  by  the  natural  philosophers  of  the  Classical  Age. 
The  first  actual  lysimeter  investigation,  the  report  of  which  the  writers 
have  been  able  to  study,  was  started  in  1688  in  Paris,  by  De  la  Hire4 
(402),  who  was  interested  in  determining  the  origin  of  springs.  At 
that  time  and  for  almost  two  centuries  later  the  belief  was  held  by 
some  scientists  that  springs  were  entirely  unrelated  to  rainfall,  but 
originated  from  huge  underground  reservoirs  that  were  replenished 
by  the  condensation  of  moist  air  or  by  ocean  water  entering  through 
large  crevasses.  Others  thought  that  springs  represented  that  part 
of  the  precipitation  that  percolated  through  the  soil  and  reappeared 
where  a  ground-water  horizon  cropped  out.  De  la  Hire  used  leaden 
vessels  of  three  different  depths  (8  inches,  16  inches,  and  8  feet),  which 
he  filled  with  sandy  loam  from  the  park  of  the  castle  of  Louis  XIV, 
whom  he  served  as  mathematician  and  meteorologist.  He  found  that 
the  lysimeters  in  grass  evaporated  more  water  than  the  ones  in  fallow, 
and  he  noticed  a  number  of  other  phenomena  that  have  been  verified 
by  many  later  lysimeter  investigations.  His  findings  with  respect  to 
the  origin  of  springs,  however,  were  not  conclusive  enough  to  convince 
the  scientific  world  of  that  period. 

Also  of  the  filled-in  type  were  the  lysimeters  of  Maurice  6  (223), 
in  Switzerland,  and  of  Dalton  (211),  in  England,  both  of  whom 
started  their  experiments  in  1796.  Dalton,  though  commonly  credited 
with  being  the  first  one  to  install  lysimeters,  acknowledges  the  inspi- 
ration he  received  from  De  la  Hire. 

In  table  2  is  given  a  record  of  lysimeter  installations  beginning  with 
that  of  De  la  Hire  in  1688  and  continuing  to  those  of  the  present. 
Data  pertaining  to  the  soil  used,  as  well  as  to  the  type  of  construction, 
are  given  insofar  as  they  are  available  in  the  literature.  While  an 
attempt  was  made  to  make  a  complete  survey  of  the  literature,  it  is 
most  likely  that  there  are  some  omissions.  The  historic  references 
and  discussions  of  findings  are  based  entirely  on  the  literature  cited. 
The  Forest  Service  supplied  information  concerning  a  number  of  their 
lysimeters  for  which  no  published  references  are  available. 

Table  3  gives  the  chronology  of  the  development  of  lysimeters. 

4  De  la  Hire,  Philippe,    stjr  l'origine  des  rivieres.    Hist,  del' Acad.  Roy.  desSci.,  pp.  1-6.     1703. 
8  Maurice,    bibliographie  ukiverselle  de  geneve  sciences  et  arts.    v.  1.    No  date.    [Original  not 
seen.] 
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Table  2. — Lysimeter 


Investigator  and  cita- 
tion number  in  bibli- 
ography, or  footnote 


Location 


Year  of 
instal- 
lation 


Soil 


Texture 


Other  characteristics 


De  la  Hire*  (4ft?) 

John  Dalton  (211) 

Maurice2 

Gaspnrins 

Dickinson  and  Evans 

John  Dickinson  (214, 
215) 

J.  Thomas  Way  < 

Greaves  (228,880) 

G.    von    Mullendorf 
(330,  v.ll). 

E.  Pfaff  (330) 


E.   Ebermaver8  (325; 
S30,r.l3,pp.l-15). 


J.  N.  Woldrich  (330). 


Do 


J.  B.  Lawes  and  J.  H. 
Gilbert  (early  work) 
N.  H.J.  Miller  Gater 
work)  (222,  223,  212, 
252). 

E.  L.'sturtevant  (77, 
84,  111). 

Levi  Stockbridge  (82, 

88). 
B.  Latham  (247) 


E.  Wollny  (330). 


Klucharov  (82) . 


A.  Petermann  {401)  _  _ . 
Sturtevant  and  Bab- 
cock  (93,  122). 


Babcock  and  Goff  (93, 


Do. 


Rungis,    near    Paris, 

France. 
Manchester,  England . 

Geneva,  Switzerland-. 

Orange,  France 

Nash  Mills,  England-. 

Abbottshill,  England. 


England 

Lee  Bridge,  England. 


Goerlitz,  Germany  - 


Erlangen,  Germany- 


Munich,  Germany. 


Salzburg,  Austria. 


Oberdobling,  Austria 


Rothamsted,  England. 


Waushakum  Farm 
near  South  Framing- 
ham,  Mass. 

Amherst,  Mass 


Croydon,  England. 


Munich,  Germany... 


Moscow,  Soviet  Union 

Gemblout,  Belgium. ... 
Geneva,  N.  Y 


.do. 


M.   P.   E.   Berthelot 

(404). 
P.  P.  Deherain(405)_._ 
J.  W.  Sanborn  (85) 


B.  Tackeetal.  (347)... 
J.  Hanamann  (346, 349) 


... -do- 
France  . 


Grignon,  France 

Missouri  Agricultural 
Experiment  Station, 
Columbia,  Mo. 

Ottersburg,  Germany. 
Lobositz,  Austria 


1795 

1796 
1821 
1836 

1836-43 


1850' 
1851 

1853 
1867 
1868 


Before 
1870 


Before 
1870 

1870 

1875 

1876-77 
1878 


Sand,  loam 

"Good  fresh  soil' 


"Surface  soil' 
Sandy  loam . 


Mixture  of  loamy  soil 

with  sand  and  gravel 

Clay,  loam,  sand 


Residual . 


Poor  sandy  soil. 


Gravelly  sand,  fine 
sand,  loessal  loam, 
limestone  sand, 
muck,  humous  gar- 
den soil. 


Sandy 
sand. 


.do. 


loam,    loam, 


Glacial,  8-inch  culti- 
vated soil  over  10- 
iDch  friable  clay  over 
subsoil  of  rather  stiff 
clay. 

Glacial 


.do. 


Gravelly. 


Chalk    soil,    upland, 
alluvial. 


Sand,  clay  loam,  hum- 
ous sandy  loam, 
mixture  of  sand  and 
peat. 


1881 
1882 


1887 


1887 

1887  » 


Sandy  loam 

Dark  clay  loam. 


Glacial. 


.do. 


.do. 


Clay  loam. 


Peat. 


Peat. 


See  footnotes  at  end  of  table. 
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installations  1688-1939 


Lysimeter  construction 

Type 

Shape  of 
surface 

Dimensions 

Material 

Foreign  sub- 
stance in  bot- 
tom layer 

Area 

Depth 

Walls 

| 

Bottom 

Filled-in 

do 

do 

Round. 

Square 
meters 

Square 
feet 

Met- 
ers 
fO.  19 

\  .38 

12.43 

.91 

Feet 
0.62 
1.25 
7.97 
3.00 

[Lead..  .  . 

do 

0.051 

0.545 

Tinned  iron.. 

Tinned  iron.. 

Gravel    and 
sand. 

do     

do 

....do 

do 

do 

do 

do 

do 

do 

do 

Soil  block— . 

do. 

Filled-in 

Round 

do 

do 

Square 

do 

Round 

Square 

Round 

do 

Rectangular- 

do 

.165 
.073 

.0003 
.836 

.093 
.018 
4.0 

.018 

.018 
4.05 

20.  234 

1.35 
0.837 

{  T 

1.77 
.79 

.003 
9.0 

1.0 
.20 
43.0 

.20 

.20 
43.56 

218.0 

14.50 
9.0 

.43 
1.08 

.91 

.91 

f  .38 

\  .46 

.91 

1.30 

f  .15 

.30 

'    .61 

1.22 

fl.00 
1.1.  20 

f  .15 
J  .30 
.61 
(1.22 
(.15 
J  .30 
1  .61 
(1.22 
f  .51 
•U.02 
U.52 

.67 
.91 

3.00 

3.00 

1.25 
1.50 
3.00 

4.25 

.50 
1.00 
2.00 
4.00 

3.28 
3.94 

.50 
1.00 
2.00 
4.00 

.50 
1.00 
2.00 
4.00 
1.67 
3.34 
5.00 

2.18 
3.00 

Cast  iron..  _. 

}.      

Slate 

[Tin 

1 

[Concrete 

VTin.   

Concrete,  fun- 
nel-shaped. 

C  ast-iron 
plates  per- 
forated. 

1 

L— do 

1 4J4-inch  brick 
>    coated  with 
J    cement. 

None. 
Do. 

do 

do 

Square 

do 

.30 
.50 

.20 

1.00 
.91 

.91 
1.83 

.91 
1.83 

0.98 
1.64 

.66 

3.28 
3.00 

3.00 
6.00 

3.00 
6.00 

jzinc 

Metal  cylin- 
ders. 
Masonry. - 

Perforated 
zinc. 

Filled-in-— 

Soil  block.  _. 

do 

Filled-in 

do 

do 

Soil  block. ._ 

Filled-in...  _ 
do 

Square 

do 

Round 

do 

Rectangular- 
Round 

1.0 
.404 

f    .404 
I    .404 

f    .404 

\    .404 

.152 

4.0 
40.46 

.049 

10.76 
4.34 

4.34 
4.34 

4.34 
4.34 
1.64 

43.0 
435.6 

.529 
1.08 

Oak      plank 
lined  with 
heavy  cop- 
per. 

"1  White  -  oak 

/    staves. 

}— .do 

Glazed  earth- 
enware pot. 
Concrete 

Sheet    metal 
and  copper. 

White-oak 
plank  with 
copper. 

do 

None. 

1.00 
1.30 

.35 
f  .50 
U-00 

3.28 
4.26 

1.15 

1.64 

Tarred  fence . 

Glass 

"1  Metal      con- 

None  except 
for      drain 
tiles  7  feet 
apart. 

Glass 

None. 
Broken  glass. 

3.  28  J    tainer. 
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Table  2.- — Lysimeter 


Investigator  and  cita- 
tion number  in  bibli- 
ography, or  footnote 


Location 


Year  of 

instal- 
lation 


Soil 


Texture 


Other  characteristics 


B.Welbel  (463,474, 476) 


Do. 


Burt  and  Leather  (290) 
R.  E.  Horton  (103).--. 


B.    Welbel    (468,    474 

476). 

Arnott    and    Leather 

(284,290). 


VonSeelhorst  (351)... 
Gerlach  (359,378,386). 


E.  Kriiger  (357-358). 


T.  L.  Lyon  and  J.  A. 
Bissell  (109,133). 


G.  S.  Fraps(i94). 


S.  Collison  and  Seth 
Walker  (31). 

C.  A.  Mooers  and 
W.  H.  Maclntire 
(152,173). 

S.  S.  Peck  (55) 


Von  Feilitzen,  Lugner, 

and   Hjerstedt    (19, 

456). 
J.HendrickandH.  D. 

Welsh  (008,  267,271, 

272,276,278). 

R.  C.  Collison,  et  al. 

(108,122,125,128). 
C.  A.  Mooers  and  W. 

H.  Maclntire  (152). 


Ploti,  Soviet  UnioD. 


do 

Cawnpore,  India 

Grafenburg,  N.  Y 

Ploti,  Soviet  Union. .  _ 

PMisa.  India 

Goettingen,  Germany. 
Bromberg,  Germany. _ 

..-do 

Ithaca,  N.  Y 


College  Station,  Tex. 

Gainesville,  Fla 

Knoxville,  Tenn 

Honolulu,  H.  I 

Jonkoping,  Sweden.  _ 
Aberdeen,  Scotland.  . 

Geneva,  N.  Y 

Knoxville,  Tenn 


Chernozem. 


1903 


1903 
1904 


1906 


1906 
1906 


1908 
1910 

1910 

1910 

1911 
1911  s 

1912 
1914 

1914 
1914 


.do. 


Loam,  sand 

Clay,  loam,  sand- 


Alluvium  of   Ganges 

River. 
Clay    from    residual 

shale. 


Chernozem. 


Loam,  sand. 


'Alluvium;  contains  40 
.    percent  chalk. 


do- 


Peat,  loamy  sand, 
sandy  loam,  humous 
sand. 


Sandy  soil. 


Silty  clay  loam. 

Silt  loam 

Sandy  loam 

Sand 


Fine  sandy  loam . 
Clay 


Loam 

Clay 

Fine  sandy  loam. 

Clay 

Fine  sand v  loam. 
Sand 


35  cm.  surface  soil,  85 
cm.  subsoil. 


Dunkirk,7     glacial.... 

Volusia,7     glacial 

Petoskey,7     glacial.  _. 
Norfolk,?  coastal 

plain. 
Orangeburg,5   coastal 

plain. 
Houston,8      coastal 

plain. 
.....do 


(Loam 
Clay  loam. 
Silt  loam. _ 


Yazoo,  bottom  land.  _. 
Miller  (flood  plain)... 

Crawford8 

Lufkin  8 

Norfolk,8  coastal 

plain. 
Hagerstown.7     Lime- 
stone residual. 

Cumberland 

Memphis  7 

Upland 

.Lowland 


Muck. 
Light  . 


Glacial  (granitic). 


Loam 

Same  as  1911. 


Ontario  7  glacial. 


See  footnotes  at  end  of  table. 
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installations  1688-1989 — Continued 


Lysimeter  construction 


Type 


Shape  of 
surface 


Dimensions 


Area 


Depth 


Material 


Walls 


Bottom 


Foreign  sub- 
stance in  bot- 
tom layer 


Filled-in.... 
Ebermayer . 


Soil  block. 
do.... 


.do. 


..do. 


Filled-in. 
.....do... 


.do. 


.do. 


.do.... 

....  .do.... 

' do 

> do 

do.... 

Soil  block. 

Filled-in.. 
do.... 


Square 
meters 


Square. 


Round  . 


Rectangular. 


Square . 


do. 


..do. 


Round . 


do.. 

do.. 

do_. 

Square . 


Rectangular. 


Round _ 
do. 


164 


4.05 


1.0 

4.0 


1.0 


.073 

2.024 

.810 
.032 

.64 


1.611 

.202 


Square 
feet 

.538 


43.56 


10.76 
43.0 


10.76 


17.4 


21.78 

8.71 
.35 

6.87 
43.56 

17.4 
2.17 


Met- 
ers 

0.30 
.45 

1.00 
.25 
.50 
.75 

1.00 

■  .91 
.1.83 

.91 


ro.  20 

.25 
.40 
.50 

[i.  oo 

'    .91 
L  1.83 


1.25 
1.10 


1.37 


1.30 


.61 


1.22 


.61 
1.22 
2.44 
.30 
.61 


Feet 
0.98 
1.48 
3.28 
.82 
1.64 
2.46 
3.28 

3.00 
6.00 

3.00 


0.66 
.82 
1.31 
1.64 
3.28 
3.00 
6.00 


4.10 
3.61 


4.49 


4.25 


2.00 


4.00 

1.00 
2.00 
4.00 
6.00 

2.00 


3.25 


2.00 
4.00 
8.00 
1.00 
2.00 


izinc. 


•None. 


Galvanized 
iron. 


Galvanized 
iron  on 
wooden  rack 


Masonry 
plastered 
with  ce- 
ment. 

Iron 

Masonry  lin- 
e  d  with 
Dutch  tile. 

Iron  sheets 
with  rein- 
forcements. 
Protected 
with  as- 
phalt tar. 

Asphalt  over 
concrete. 


Galvanized 
iron. 


Galvanized 
sheetmetal. 


Iron 

Galvanized 

iron  with 
0  .  5  -  c  m. 

holes. 


Galvanized 
iron. 


Steel. 


(Heavy  galv- 
anized iron 
parafined 
inside. 
Galvanized 
iron  paint- 
ed with  as- 
phalt. 


Block  tin 
outlet. 

Perforated 
galvanized 
iron. 


Slate  slabs. 


Steel  tanks 
lined  with 
pitch. 

14-gage  galva- 
nized iron 
painted 
with  as- 
phalt. 


Perforated 
slate. 


Perforated 
metal  disk. 


None. 
Do. 


None. 


None. 


10  cm.  gravel. 


Sand  and  grav- 
el. 


1-inch  sand 
over  glass 
wool. 

3-inch  washed 
black  lava 
sand. 


None. 


Quartz  over 
glass  wool. 

1-inch  layer 
sand  over 
glass  wool. 


170523°— 40 2 
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Table  2. — Lysimeter 


Investigator  and  cita- 
tion number  in  bibli- 
ography, or  footnote 


Location 


Year  of 
instal- 
lation 


Soil 


Texture 


Other  characteristics 


H.  K.  Dean  (1 45). 


Umtilla,  Oreg_ 


E.  E.  Deturk" 

Miller  and  Duley  (86) . 
W.  Geilmann  (371)—. 

C.  A.  Mooers  and  W. 
H.  Maclntire(i58). 

V.     V.     Gemmerling 

(481). 
E.  E.  Deturke 


Urbana,  111 

Columbia,  Mo 

University     Goettin- 
gen,  Germany. 


>Knoxville,  Tenn 

Moscow,  Soviet  Union 
Urbana,  111 


W.  B.ElletandH.H. 
Hill  (198,203). 


Do. 


JBlacksburg,  Va. 


.do_ 


J.  E.  Weaver  and  J.  W. 
Crist.1" 

F.  L.  Duley  (87) 


Lincoln,  Nebr.. 
Columbia,  Mo. 


E.  Kriiger  8. 
M.  Winnek 


H.  H.  Nicholson  and 
B .  Pantin  (256) . 


H.J.  Harper11 

W.    N.    C.    Belgrave 

(809). 


Berlin-Dahlem,  Ger- 
many. 

Mikveli-Israel  Experi- 
ment Station  Pales- 
tine. 

Reading,  England 


Stillwater,  Okla 

Kuala,  Lumpur,  Fed- 
erated Malay  States. 


A.    W.    R.    Joachim 
(SOI,  1928:  3). 

W.C.LowdermilkU). 


V.P.Popov  (482) 

H.    C.    Hendericksen 
OP). 


Peradeniya,  Ceylon.. 


Berkeley,  Calif- 


Niklas  and  W.  Schropp 

(882). 
C.Pfafl  (398,  400) 


California  Forest  and 
Range  Experiment 
Station.^ 

F.Shreve(2) 


Soviet  Union 

Mayaguez,  Porto  Rico 


Weihenstephan,  Ger- 
many. 

Limburgerhof,  Ger- 
many. 


Devil  Canyon  Branch 
San  Bernardino, 
Cayf. 

Tucson,  Ariz 


M.  F.Morgan  (U,  M) 


Windsor,  Conn. 


1915 

1916 

1918 

Before 

1920 

1921* 

1922« 

1922-23 


1922 
1922 


1924 
1923 


1925  s 

1925 
1925 

1926 


1927 
1927 


1927 


1927 


1928  8 
1928 


1928  5 
1928 

1929 

1929 
1929 


Medium  sand,  fine 
sand,  coarse  sand, 
silt,  silt  loam. 


Mild     loam,     yellow 
sand. 


PodzoL 


Limestone  soil. 


Silt  loam- 


Sand 

Fine  sandy  loam. 


[Frederick  7 

\Hagerstown  series 
Norfolk  series  8 


Sandy 

Clay,  loamy  sand. 

Loam 


Glacial 

Alluvial,  glacial. 


Sandy. 


Quartzite,  eroded;  lat- 
erite,  good  crumb 
structure. 


I  Sandy  loam 
Sandy  clay  loam. 
Clayloam 


Holland... 

Aiken 

Altamont. 


Sandy  clay. 


Practically  devoid  of 
organic  matter  and 
nutrients. 


Alkaline,  humous  .. 
sandy  soil,  alkaline 
loam,  acid  slightly 
humous  sandy  soil, 
acid  sandy  loam. 

Gravelly  loam 


Of  granitic  origin- 


Adobe  clay 

{Loamy  sand 
Sandy  loam 
Loam 
Very  fine  sandy  loam- 


Alluvial 

Merrimac,7  glacial 

do 

Wethersfeld,7  glacial. .. 
Enfield,7  glacial 


See  footnotes  at  end  of  table. 
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Lysimeter  construction 

Type 

Shape  of 
surface 

Dimensions 

Material 

Foreign  sub- 
stance in  bot- 

Area 

Depth 

Walls 

Bottom 

tom  layer 

Filled-in 

do 

Soil  block 

Square 

do 

Square 

meters 

1.03 

25.29 

Square 
feet 
11.1 

272.  25 

Met- 
ers 
1.83 

2.51 
1.22 
1.30 

f  1.83 
\  2.14 

Feet 
6.00 

8.25 
4.00 
4.26 

6.00 
7.00 

Concrete 

do 

Concrete 

do 

Filled-in 

do 

Ebermayer . 
Filled-in 

do 

Galvanized 

iron. 
(Galvanized 
<    ingot    iron 
{    tanks. 

None ._  . 

do 

.073 

.785 

Conical 

shaped    at 
bottom. 

>  Coarse  sand. 

Rectangular. 

3.55 

38.2 

1.73 

f    .20 
\     to 
I    -71 
|     .20 
<     to 
I    .71 
.91 

1.22 
1.50 

5.67 

.67 

to 

2.33 

.67 

to 

2.33 

3.00 

4.00 
4.92 

Concrete 
lined  with 
asphalt. 

>Iron 

Concrete 

One-fourth 
inch  crushed 
quartz. 

Quartz  pebbles. 

l__..do 

Soil  block... 

do 

Filled-in    -. 

Round 

do 

.245 
.093 

.186 
1.0 

2.64 
1.0 

2.0 
10.76 

f 

1... 

J 

Heavy  galva- 
nized   iron 
cylinder. 

Asphalt    be- 
tween  soil 
and   cylin- 
der. 

Masonry 

Perforated 
copper 
plate. 

Masonry 

Lead  shot. 

f       do     

0.  0506 

0.545 

0.32 

1.05 

Glazed  earth- 
enware. 

do 

washed  grav- 
el. 

Soil  block 

Ebermayer. 
Filled-in 

None.      

Round 

.067 

.721 

.43 

1.41 

Glazed  earth- 
enware. 

[..-.do 

Ebermayer. 
Filled-in 

do 

Rectangular- 

.929 

10.00 

.76 

2.50 

[Galvanized 
\    iron. 

None 

Galvanized 
iron. 

Gravel    and 

sand. 

Round 

(.2) 

Iron     .... 

Iron 

do 

Square 

Circular 

Round 

do 

1.0 

.45 
.067 

10.76 

4.91 

.72 
2.22 

1.0 

1.14 

.43 
f  .23 
{  .51 

.76 

3.28 

3.75 

1.41 

.75 

1.67 

2.50 

Concrete 

Galvanized 
iron. 

Concrete 

Galvanized 
iron. 

10  cm.  gravel, 
50  cm.  sand. 

Soil  Block .  - 
Filled-in.. .. 

do 

do 

do 

[Metal  eylin- 
|     ders. 

} 

("Pure  quartz 
I    sand. 

-----do      -      1    .206 
.....do IJ 

/ 
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Table  2. — Lysimeter 


Investigator  and  cita- 
tion number  in  bib- 
liography, or  foot- 
note. 


Location 


Year  of 
instal- 
lation 


Soil 


Texture 


Other  characteristics 


J.  S.Jofte  (88, 89, 90, 91) 

J.    Bartels    and    W. 

Fhedrich  (396,  397). 
California  Forest  and 

Range    Experiment 

Station." 
University  of  Pretoria 

(489). 


A.   Demolon  and   E. 

Bastisse    (419,    425, 

427,428). 
Arizona    Agricultural 

Experiment  Station 

U). 
G.  W.  Musgrave  (<?-5).. 
California  Forest  and 

Range    Experiment 

Station. '3 


R.  O.  Collison  (181). 


H.  A.  Lunt  (19,23)... 

California  Forest  and 
Range  Experiment 
Station." 

Southwestern  Forest 
and  Range  Experi- 
ment Station." 

California  Forest  and 
Range  Experiment 
Station." 

G.  W.  Musgrave  (65, 
69). 

P.E.  KarrakerandC. 
E.  Bortner  (71). 

J.  E.Adams  (148).... 

California  Forest  and 
Range  Experiment 
Station." 

Do." 

G.  W.  Musgrave  9 

F.  Boeuf  and  V.  Novi- 
koff  (480). 

E.  Miege  (487) 


University  of  Pretoria 
(489). 

Intermountain  Forest 
and  Range  Experi- 
ment Station.  " 

Lake  States  Forest  Ex- 
periment  Station 
(205). 


New  Brunswick,  N.  J. 
Eberswalde,  Germany 

►Berkeley,  Calif 

Pretoria,  South  Africa. 

Versailles,  France 


Tucson,  Ariz__ . 
Temple,  Tex... 
Berkeley,  Calif- 


Geneva,  N.  Y. 


New  Haven,  Conn_ 


Berkeley,  Calif- 


Sierra  Ancha  Experi- 
mental Forest, 
Globe,  Ariz. 

North  Fork  Branch 
Station,  North  Fork, 
Calif. 

•Clarinda,  Iowa 


Lexington,  Ky 

South  Carolina  Ex- 
periment Station, 
Clemson  College, 
S.  C. 

North  Fork  Branch 
Station,  North  Fork, 
Calif. 

[San  Dimas  Experi- 
mental Forest,  Glen- 
dora,  Calif. 

Statesville,  N.  C 


Ariana,  Tunis.— 
Rabat,  Morocco . 


Pretoria,  South  Africa. 

Boise  Basin  Experi- 
mental Forest,  Ida- 
ho city,  Idaho. 

Upper  Mississippi 
Valley  Soil  and 
Water  Conservation 
Experiment  Station 
La  Crosse,  Wis. 


1929 
1929 

1929 
1930 

1930 

1930 
1931 
1931 


1932 
1932 
1932 

1932 

1933 
1933 

1933 

1933 

1934 


1934 
1934 


1934 


Sandy  loam 

Yellow  fine  sand. 

fSandy  clay  loam. 
[Clay  loam 

Sandy  loam 


Sassafras  r. 
Glacial 


Aiken 

Altamont. 


Loam. 


Upland- 


Clay. 


Gila  (alluvial) 

Mohave  (pedocal) . 


fSandy  clay  loam. 
[Clay  loam 


Sierra 

Altamont. 


Loam. 


Ontario,7  glacial. 


{G\olmY   fiDe   SandY   JHartford,  glacial 


Clay  loam.. 

Sandy  clay, 
-...do 

Clay  loam.. 


Sandy  clay  loam. 

Silt  loam 

..-do 


Sandy  clay  loam. 
Sandy  loam 


Clay 

4  soil  types. 


Sandy. 


Silt  loam. 


Altamont. 

Quartzite. 
Granite... 
Basalt 


Sierra . 


'Marshall,  prairie  soils 
.Shelby,  prairie  soils .. 

Maury8 


Sierra- 


Holland  (Pacific  coast) 

[Cecil,     Red    soil    of 
\    Piedmont. 

Calcareous 


Granitic- 


Clinton. 


See  footnotes  at  end  of  table. 
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Lysimeter  construction 


Type 


Ebermayer. 
Filled-in.... 

do 


_do. 
.do. 

.do. 


Soil  block. 
Filled-in  - 


Ebermayer. 


miled-in.... 
\Ebermayer 


Soil  block.  _. 


...do. 


Filled-in. .. 

•Soil  block. 
Filled-in... 

do 

do 

..__.do._-. 

Soil  block. 

Filled-in.. 
_...do_._. 


Ebermayer. 
Filled-in.... 

Soil  block... 


Shape  of 
surface 


Round 

Square 

Rectangular 

Round 

Square 


do 

Round 

Rectangular- 
Round 


Round. 
Square. 


Circular. 


Rectangular. 

Round 

....do 

---do 

Circular 

Rectangular. 

Round 

Square 


Round 

Rectangular. 

....do 


Dimensions 


Area 


Square 
meters 

0.073 

1.0 

1.858 

2.63 
1.0 

1.49 

.648 
7.432 

.073 

.206 
.103 

.650 
.322 

.646 

.648 
.256 

2.023 

'  .455 
.  .646 

20.  234 


4.0 


0.552 


18.58 


Square 
feet 

0.79 

10.76 

20.00 

28.27 
10.76 

16.0 

7.0 
80.00 

.79 

2.22 
1.11 

7.0 
3.47 

6.95 

7.00 
2.761 


4.90 
6.95 


217. 


43.0 


5.94 

87.12 

200.  00 


Depth 


Met- 
ers 

'0. 18 
.42 
.58 
.80 

1.50 


'1.22 
.1.68 

.60 


.91 
1.27 


.58 
.89 
1.19 

.10 
.50 

1.27 


.53 

.91 
.61 

1.22 


1.22 
1.22 

1.22 


Feet 
0.6 
1.4 
1.9 
2.6 
4.9 


3.00 


5.00 


(Galvanized 
<    iron. 
(.None 


.91 

3.00 

1.83 

6.00 

1.22 

4.00 

2.0 

6.56 

4.00 
4.00 

4.00 


Material 


Walls 


[None. 
Iron.. 


Redwood 

Pitch  and  tar 
m  i  x  t  u  re 
over  cement 
plaster. 


Concrete. 


flron    (paint- 
1    ed). 


None. 


Galvanized 
iron. 


Steel. 


Galvanized 
iron. 


Metal. 
Steel.  _ 


do. 


Galvanized 
iron. 


Concrete. 


Metal. 


Reinforced 
concrete. 


None. 


M6-inch  steel 
plate. 

Asphalt-lined 
concrete. 


Bottom 


Funnel- 
Iron  _._ 


Redwood. 


Concrete  . 


Iron  (paint- 
ed) on  con- 
crete found- 
ation. 

Funnel 


Square    fun- 
nel. 

Galvanized 
iron. 


Galvanized 
iron. 


Galvanized 
iron. 


Concrete. 


■Concrete. 


Foreign  sub- 
stance in  bot- 
tom layer 


/Quartz    peb- 
1    bles. 

10  cm.  gravel. 

[Gravel    and 
I    sand. 


Coarse  gravel. 

Gravel    and 
sand. 


None. 


Do. 


Fine    gravel 
and  sand. 

Coarse  gravel. 


Fine    gravel 
and  sand. 

None. 


Copper  fun 

nels. 
Concrete.. 


Gravel. 


Sand. 
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Table  2. — Lysimeter 


Investigator  and  cita- 
tion number  in  bibli- 
ography, or  footnote 


Location 


Year  of 
instal- 
lation 


Soil 


Texture 


Other  characteristics 


Southwestern    Forest 
and  Range  Experi- 
ment Station. 13 
Do.  13 


Sierra  Ancha  Experi- 
m  en  t  al  Forest , 
Globe,  Ariz. 

....do 


Do.13. 


S.  Osugi  (813) 

R.  S.  Stauffer  and  R. 
S.  Smith  (59). 

North  Appalachian 
Experimental  Wa- 
tershed, Soil  Conser- 
vation Service  (138, 
139,  lJfi). 

Alabama  Experiment 
Station.  « 

Southwestern  Forest 
and  Range  Experi- 
ment Station.  13 

Rocky  Mountain  For- 
est and  Range  Ex- 
periment Station.  « 

California  Forest  and 
Range  Experiment 
Station,  is 

Do.  " 

Do.  i3 


Fort  Valley  Branch 
Station,  Fort  Val- 
ley, Ariz. 

Kyoto,  Japan 


Urbana,  111 

Coshocton,  Ohio. 


Auburn,  Ala. 


Sierra  Ancha  Experi- 
mental Forest, 
Globe,  Ariz. 

Manitou  Experi- 
mental Forest,  Col- 
orado Springs,  Colo. 

San  Dimas  Experi- 
mental Forest, 
Glendora,  Calif. 

do 

do 


Do.  13. 


.do_ 


Do.  13. 


North  Appalachian 
Experimental  Wa- 
tershed, Soil  Conser- 
vation Service.14 

Southwestern    Forest 
and  Range  Experi- 
ment Station. is 
Do." 


do 

Coshocton,  Ohio. 


Sierra  Ancha  Experi- 
mental Forest, 
Globe,  Ariz. 

do 


1934 

1934 

1935 

19355 
1935 


1936 
1937 
1937 
1937 


1937 
1937 


1938 
1938 


Clay. 


Stony  sandy  clay. 
Clay  loam 


Quartzite. 
Basalt.... 


Sandy  loam,  clay  soil 

with  gravel. 
8  silt  loams 


Prairie  soils. 


Silt  loam. 


Sandy  loam,  fine  sandy 
loam,  clay  loam. 

Sandy  clay  loam 


Muskingum. ?  Resid- 
ual from  sandstone 
and  shale. 


[Norfolk  s__ 
^Hartsells  8_ 
(Decatur  8.. 


Gravelly 

Sandy  loam. 


Granitic. 


Holland    (Pacific 
coast). 


do. 


.do. 


....do.... 
Silt  loam. 


.do. 


Subsoils  used:  Loam, 
silt  loam,  silty  clay. 


Sandy  loam. 


i  De  la  Hire,  Philippe.    See  footnote  4,  p.  9. 

2  Maurice.    See  footnote  5,  p.  9. 

3  Gasparin.    In  Cours  d' Agriculture,  v.  2,  p.  116.    No  date. 

4  Way,  J.  T.    on  the  power  of  soils  to  absorb  manure. 
1850. 

5  Year  published. 

6  Ebermayer,  Ernst,    untersuchungs-ergebnisse  uber  die  menge  und  verteilung  der  nieder- 
schlage  in  den  waldern.    Forstl.  Naturw.  Ztschr.  6:  283-301.    1897. 


[Original  not  seen.] 
Roy.  Agr.  Soc.  England  Jour.    11:  313-379. 
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installations  1688-1989 — Continued 


Lysimeter  construction 

Type 

Shape  of 
surface 

Dimensions 

Material 

Foreign  sub- 
stance in  bot- 
tom layer 

Area 

Depth 

Walls 

Bottom 

Filled-in 

Rectangular. 

Square 

meters 

9.29 

Square 
feet 
100. 00 

Met- 
ers 
2.44 

Feet 
8.00 

Concrete 

Concrete 

Sand. 

Soil  block.  __ 
do 

do 

.—do 

....do 

-_.do 

83.61 
.312 

.83 

900.  00 
3.47 

8.9 

.91 

to 

1.83 

.56 

3 

to 

6 

1.83 

do 

Steel 

None. 
Do. 

Do. 

do 

do 

Round 

Rectangular- 

.648 
8.089 

7.0 
87.08 

1.02 
2.44 

3.3 
8.00 

Galvanized 
iron. 

Concrete 
lined  with 
asphalt. 

Perforated 
steel  plate. 

quartz. 

None. 

Filled-in 

Round 

.455 

4.9 

r.  30 

1.91 

1.00 
3.00 

[Galvanized] 
1    iron  paint-! 
"J    ed  with  as-| 
I    phalt.         j 
Steel 

Galvanized 
iron. 

Gravel   and 

sand. 

Soil  block.  _ 
Filled-in 

Rectangular 

.646 
.405 

6.95 
4.36 

.71 

f.46 

1.91 

1.01 

2.33 

1.601 
3.00/ 

3.33 

do 

Steel    . 

do 

Circular 

.484 

5.21 

Galvanized 

Galvanized 

None. 

iron. 

iron. 

do 

Filled-in, 

unco  n- 

fined. 
Filled-in .... 

do 

Rectangular. 

Rectangular- 

.161 

28.  451 

2.230 

1.73 
306.  25 

24.00 

.61 
2.13 

1.83 

2.00 
7.00 

6.00 

do 

Soil 

do 

Do. 
Do. 

Concrete 

Concrete 

Do. 

do 

Circular 

.161 

1.73 

.61 

2.00 

Galvanized 

Galvanized 

Do. 

do 

Round 

.032 

.349 

1.04 

3.42 

iron. 
Glazed  tile.. . 

iron. 
Wire    screen 
over  sheet 
metal. 

Washed  sand. 

Soil  block    . 

.646 
41.80 

6.95 
450. 00 

.71 
1.22 

2.33 

4.00 

Steel 

Concrete 

Steel 

Filled-in 

Concrete 

Sand 

7  Gray-Brown  Podzolic  soils. 

8  "Red  and  yellow"  soils. 

9  Private  communication. 

i°  Weaver,  J.  E.,  and  Crist,  J.  W.    See  footnote  4,  table  1. 
u  Harper,  H.  J.    See  footnote  6,  table  1. 

12  30-gallon  capacity. 

13  Unpublished  data  through  courtesy  of  U.  S.  Forest  Service. 

14  Unpublished  data. 
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Table  3. — Chronology  of  the  development  of  lysimeters,  1688-1937 


Type  of  lysimeter 

Investigator 

Location 

Year  of 
con- 
struc- 
tion 

First  lysimeter      ..      ..     _____     __  __     _     . 

De  la  Hire        _  _     -_     _ 

Paris,  France 

1688 

First  lysimeter  with  run-off  provision--  - 

Dalton... 

Manchester,  England. __ 
England 

Rothamsted,  England- 
South     Framingham, 
Mass. 

Munich,  Germany 

Columbia,  Mo 

1796 

First  extensive   use  of  lysimeters  for  the 
study  of  soil  chemistry. 

Way 

1850 

Lawes  and  Gilbert 

1870 

First  (soil-block)  lysimeter  in  the  United 

States. 
First  large  comparative  lysimeter  study . 

1875 

Wollny 

1880 

First  lysimeter  in  natural  contact  with  sub- 

Sanborn 

1888 

strata  drained  by  tiles. 
First  Ebermayer  lysimeter       _ 

Welbel 

Ploti,  Soviet  Union 

Cawnpore,  India 

Goettingen,  Germany-  _ 
Lincoln,  Nebr 

1903 

First  soil-block  lysimeter  with  run -off  provi- 

Leather. _ 

1903 

sion. 
First  lysimeter,  with  weighing  mechanism 

V.  Seelhorst     _        

1906 

First  soil-block   lysimeter   with  weighing 

Weaver  and  Crist 

Joffe           .__ 

1923 

mechanism. 
First  Ebermayer  lysimeter  in  the  United 

New  Brunswick,  N.  J___ 

Coshocton,  Ohio 

Clarinda,  Iowa 

1929 

States. 

First  soil-block  lysimeter  with  self-recording 
weighing  mechanism. 

First  lysimeter  with  tensiometers  for  meas- 
uring capillary  tension  of  soil  moisture. 

Research  Division,  Soil 
Conservation  Service. 
Iowa  State  College  and 
Soil  Conservation  Serv- 
ice. 

1936 
1937 

During  the  nineteenth  century  lysimeter  investigations  became 
more  frequent.  All  investigations  conducted  before  1870  were  with 
filled-in  lysimeters.  This  is  what  should  be  expected,  since  pedology 
was  in  its  infancy;  and,  in  general,  only  the  surface  soil  was  subjected 
to  research  by  the  pioneers  of  soil  science.  The  plow  layer  is  dis- 
turbed regularly  through  cultivation,  and  therefore  it  seemed  unob- 
jectionable to  remove  it  from  its  original  site  and  place  it  in  lysime- 
ters. At  that  time  the  significance  of  the  soil  profile  as  a  nonsepar- 
able  unit  was  not  understood.  De  la  Hire,  Dalton,  and  Maurice,  as 
well  as  a  number  of  other  investigators  in  England,  Germany,  Austria, 
and  France,  used  lysimeters  of  the  filled-in  type  merely  for  the  study 
of  the  rate  and  amount  of  the  percolate.  They  did  not  pay  much 
attention  to  the  chemical  composition  of  the  percolate,  and  most  of 
them  did  not  seem  to  care  greatly  whether  the  soil  in  the  lysimeters 
was  covered  with  vegetation  or  not. 

In  1850  Way, 6  in  England,  reported  his  fundamental  studies  on 
the  chemical  changes  of  solutions  percolating  through  soil.  He  used 
a  number  of  laboratory  lysimeters,  filled  them  with  different  types  of 
soils,  and  found  that  bases  of  the  sprinkling  solution  were  exchanged 
against  the  calcium  of  the  soil  and  that  the  power  of  soils  to  absorb 
fertilizing  elements  depends  on  its  clay  content.  He  also  noticed  that 
burning  destroyed  this  capacity  of  the  clay.  Through  this  work,  Way 
laid  the  foundation  for  further  base-exchange  studies.  He  was  the 
first  to  carry  out  extensive  lysimeter  investigations  to  clarify  the  prob- 
lem  of  soil  fertility.  The  influence  of  his  studies  is  noticeable  in  the 
work  begun  20  years  later  at  Rothamsted. 

Lysimeter  investigations  took  a  great  step  forward  in  1870,  when 
Lawes,  Gilbert,  and  Warington  established  three  "drain-gauges'^  at 
Rothamsted,  England.  These  men  recognized  that  basic  information 
concerning  the  natural  rate  and  chemical  composition  of  drainage 
water  could  be  obtained  only  from  natural,  undisturbed  soils.     In- 

«  See  footnote  4,  table  2. 
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stead  of  filling  soil  into  tanks  they  left  the  soil  intact  and  placed  a  per- 
forated iron  bottom  under  it  and  masonry  walls  around  it.  These 
lysimeters  exceeded  all  preceding  installations  in  area  five  times,  and 
they  are  responsible  for  a  great  many  findings  concerning  the  perco- 
lation rate  of  rain  water  and  the  leaching  of  plant  nutrients  from  soil. 
After  68  years  of  successful  operations,  these  lysimeters  are  still  in 
use.  It  is  not  surprising  that  the  construction  of  these  first  soil-block 
lysimeters  met  with  some  difficulties  and  that  leakage  through  the 
side  walls  could  be  stopped  only  after  repeated  repairs.  As  in  all  early 
installations,  run-off  is  not  allowed  to  occur  from  the  Rothamsted 
lysimeters.  Under  English  climatic  conditions,  this  may  not  be  a  great 
handicap,  since  the  rainfall  is  generally  much  more  gentle  than  in 
this  country.  The  depth  of  each  of  these  "drain  gauges"  is  different; 
therefore,  no  replicate  exists  to  check  directly  the  results  obtained. 
However,  a  comparison  of  the  data  from  these  lysimeters  with  those 
from  later  installations  indicates  a  high  degree  of  reliability  of  the 
Rothamsted  work.  While  the  construction  of  these  lysimeters  was 
very  satisfactory,  the  fact  that  only  three  of  them  exist  and  that 
these  three  are  located  on  the  same  soil  type  and  are  otherwise  under 
identical  conditions,  makes  it  impossible  to  interpret  the  effect  of  soil 
type,  vegetation,  and  various  other  factors  on  the  rate  and  amount 
of  percolation^ 

Research  to  investigate  such  effects  was  started  by  Wollny  (330)  in 
Munich,  Germany,  in  1880.  In  his  very  elaborate  set-up  he  studied 
the  following  problems: 

(1)  Influence  of  soil  structure  on  the  rate  and  amount  of  percolate. 

(2)  Effect  of  soil  type  on  the  rate  and  amount  of  percolate.  (Sand,  clay 
loam,  humous  sandy  loam,  peat,  a  mixture  of  sand  and  peat,  stony  sand,  stony 
humus  and  sandy  loam  were  used.) 

(3)  Effect  of  soil  depth  on  the  rate  and  amount  of  percolate. 

(4)  Effect  of  soil  surface  cover  on  the  rate  and  amount  of  percolate.  (Sand, 
loam,  dead  vegetable  mulch,  and  growing  vegetation  were  compared.) 

(5)  Effect  of  the  distribution  of  precipitation  on  the  amount  and  rate  of  per- 
colate and  on  the  ratio  of  percolate  to  precipitation. 

This  study,  continued  through  almost  a  decade,  was  carried  out 
with  a  large  number  of  lysimeters  of  the  filled-in  type.  Wollny  was  a 
very  thorough  worker  who  studied  many  questions  of  agricultural 
meteorology  and  soil  physics,  and  it  is  not  surprising  that  the  major- 
ity of  his  lyskneter  findings  have  been  verified  by  later  workers.  The 
great  number  of  phenomena  that  he  subjected  to  research  excluded  for 
him  the  use  of  soil-block  lysimeters,  which  would  have  been  alto- 
gether too  costly.  The  use  of  the  filled-in  type  cannot  be  consid- 
ered very  objectionable  for  the  study  he  carried  out,  since  he  wanted 
to  obtain  comparative  information  concerning  natural  percolation. 
It  is  to  be  noted  that  Wollny  did  not  include  any  analyses  of  the 
leachate  in  his  research. 

For  many  purposes  the  filled-in  type  of  lysimeters  proved  to  be 
inadequate,  as,  for  instance,  the  study  of  the  moisture  relationships 
in  forests.  Ebermayer 7  (325, 330)  carried  out  such  studies  in  numerous 
meteorologic  stations  in  the  forests  of  Bavaria.  He  found  that 
filled-in  lysimeters  could  not  depict  natural  conditions,  since  the  tree 
roots  did  not  reach  into  the  lysimeters  and  hence  could  not  remove 
water  from  the  soil.     Within  a  few  seasons  the  lysimeter  soil  became 

7  See  footnote  6,  table  2. 
170523°— 40 3 
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so  waterlogged  that  the  experiment  had  to  be  discontinued.  This 
may  have  been  due  not  only  to  the  lack  of  tree  roots,  but  also  to  the 
poor  under-drainage  inherent  in  most  lysimeters.  This  phenomenon 
is  discussed  in  detail  on  pages  19-22.  In  order  to  overcome  the 
obstacles  encountered  in  the  study  of  hydrologic  conditions  of  forests, 
Ebermayer  suggested  a  rather  unique  scheme.  A  large  area  of  the 
forest,  about  one-fourth  hectare,  was  to  be  undermined  about  1.5 
meters  below  the  soil  surface  so  that  the  soil  and  trees  would  remain 
undisturbed.  The  roof  of  this  wide  tunnel  would  consist  of  impervious 
material  and  would  slant  to  one  point  where  the  percolate  could  be 
measured.  This  project  evidently  did  not  materialize,  owing  to  the 
technical  and  financial  difficulties  involved  in  such  a  huge  undertaking. 

A  number  of  years  later,  Russian  investigators  modified  this  plan 
of  collecting  percolate  from  undisturbed,  unencased  soil.  In  partic- 
ular, the  size  of  the  collecting  funnel  was  considerably  reduced  and 
thus  construction  problems  were  simplified.  From  Russia  (468,  4? 4, 
476,  481,  482)  this  funnel-type  lysimeter  came  to  the  United  States 
(88,  89,),  and  it  has,  therefore,  frequently  been  called  a  Russian 
lysimeter,  although  a  Russian  investigator,  Katchinsky,8  was  among 
the  first  to  call  it  the  Ebermayer  type. 

The  first  lysimeter  in  the  United  States  was  built  by  Sturtevant 
on  his  farm  in  Massachusetts  in  1875,  and  it  is  interesting  to  note 
that  this  was  of  the  soil-block  type.  In  1882  Sturtevant  installed 
another  set  of  three  lysimeters  at  the  experiment  station  at  Geneva, 
N.  Y.  These  lysimeters  were  also  of  the  soil-block  type  and  were 
transported  from  the  original  location  to  the  lysimeter  pit.  They 
were  constructed  of  white  oak  planks  lined  with  heavy  sheet  copper 
and  had  a  bottom  made  of  a  heavy  flat  section  of  "boiler  iron." 
After  a  number  of  years,  Babcock  and  GofT,  who  continued  this  work, 
believed  that  the  lysimeters  dried  out  too  readily,  and  they  there- 
fore built  four  additional  lysimeters  with  an  artificially  maintained 
ground-water  table.  Two  of  these  lysimeters  were  of  the  soil-block 
type  and  two  were  filled  with  soil  that  was  previously  sifted  and  dried. 
The  records  obtained  from  this  research  do  not  seem  to  have  been 
very  convincing;  for  the  installation  was  abandoned  in  1890. 

None  of  the  earlier  lysimeters  was  provided  with  run-off  facilities, 
except,  of  course,  the  Ebermayer  lysimeters,  whose  lack  of  side  walls 
allows  free  run-off.  It  is  significant  that  the  first  large  lysimeter 
with  run-off  provision  was  constructed  in  India  (284,  290),  where  dry 
periods  alternate  with  seasons  of  intense  storms.  This  installation 
was  made  in  1903  and  has  been  followed  by  numerous  others,  partic- 
ularly in  the  United  States,  where  intense  rainfall  frequently  causes 
large  quantities  and  high  rates  of  run-off. 

Direct  information  can  be  obtained  on  only  percolation  and  run-off 
from  stationary  lysimeters.  The  sum  of  evaporation  and  transpira- 
tion can  be  calculated  for  longer  periods  by  differences  if  precipitation 
data  are  available,  but  accurate  evapotranspirational  data  for  short- 
time  intervals  can  be  obtained  only  if  the  lysimeters  are  weighed, 
as  only  then  will  the  change  of  soil-moisture  content  be  known.  Von 
Seelhorst  (851 )  was  the  first  to  equip  lysimeters  with  weighing  devices 
(1906).     Other  German  investigators  (357,  896,  397)  9  used  similar 

8  Katchinsky,  N.  A.    methodes  pour  determiner  la  permeabilite  du  sol  a  l'eau  en  vue  d'une 
irrigation.    1st  Comn.  Internatl.  Soc.  Soil  Sci.  Trans.,  section  Soviet,  Moscow,  A,  2:  79-99.    1934. 
6  See  also  footnote  3,  p.  4. 


SURVEY   AND   DISCUSSION    OF    LYSIMETERS  19 

installations  for  the  study  of  transpirational  losses  of  various  crops 
and  the  evaporation  from  bare  soil.  Weaver  and  Crist  10  weighed 
soil-block  lysimeters  in  this  country  (1923),  and  the  first  soil-block 
lysimeters  with  self-recording  weighing  mechanism  were  built  in  1937 
by  the  Soil  Conservation  Service  at  Coshocton,  Ohio. 

These  large  lysimeters  (one  five-hundredths  of  an  acre)  at  Coshoc- 
ton, in  the  planning  of  which  the  writers  took  part,  embody  numerous 
features  recognized  as  essential  for  a  study  of  true  natural  percolation 
and  other  hydrologic  factors.  In  order  to  illustrate  how  some  of 
these  features  have  been  incorporated,  a  short  description  of  these 
lysimeters  will  be  given.  (Details  of  design  and  construction  have 
been  reported  by  other  members  of  the  Research  Division,  Soil  Con- 
servation Service  (138,  139,  llfi).  Figure  1  shows  a  schematic  cross 
section  through  an  entire  lysimeter  installation.  The  lysimeter  is 
8  feet  deep;  the  soil  extends  merely  2  to  3  feet;  disintegrated  rock 
extends  another  2  to  3  feet;  and  the  lowest  3  to  4  feet  contains  unde- 
composed  parent  rock.  All  these  layers  are  left  in  their  natural 
structure,  and  the  rock  rests  immediately  on  the  percolate  sieves. 
Water  reaching  these  strata  can  fairly  be  called  percolation,  and 
relative  assurance  is  given  that  no  plant  roots  reach  this  depth.  It 
seems  probable  that  water  passes  with  little  difficulty  from  the  rock 
fissures  into  the  multiple  percolate  collectors.  In  figure  1  are  shown 
cross  sections  of  steel  strips  that  serve  to  prevent  fictitious  percolation 
from  descending  in  the  space  that  may  at  times  exist  between  the 
soil  block  and  the  side  walls  of  the  lysimeter. 

Provision  is  made  for  the  collection  of  run-off,  and  the  amounts  of 
water  and  soil  in  the  run-off  tank  are  recorded.  Conditions  with  respect 
to  run-off  in  the  lysimeter  are  not  representative  of  field  conditions 
because  the  vertical  side  walls  cut  off  overland  flow.  To  date,  how- 
ever, no  method  that  permits  overland  flow  to  occur  on  a  lysimeter 
has  been  found  to  give  an  accurate  knowledge  of  the  amount  of  water 
that  infiltrates  into  the  soil  mass.  The  side  walls  have  another 
disadvantage,  that  of  creating  a  border  effect,  which  is  due  both 
to  the  lack  of  vegetation  on  a  strip  about  15  inches  wide  and  also 
to  cutting  off  the  soil  from  its  surroundings.  The  necessity  of  isolating 
a  soil  block  for  the  study  of  its  percolation  and  its  weight  changes 
requires  such  a  procedure.  An  attempt  is  made  to  keep  the  tem- 
perature in  the  subsoil  somewhat  the  same  as  it  would  be  in  nature 
by  keeping  the  service  tunnel  closed  as  well  as  possible.  Grease 
seals  (fig.  1)  are  placed  between  the  top  of  the  lysimeter  walls  and  the 
outside  retaining  wall  to  keep  the  atmospheric  air  from  descending 
into  the  tunnel  and  at  the  same  time  to  allow  for  free  play  of  the 
lysimeter  on  the  scales.  These  record  weight  changes  accurately  to 
the  nearest  5  pounds,  which  is  equivalent  to  approximately  one 
one-hundredth  of  an  inch  of  rainfall. 

DISCUSSION 

The  purpose  of  lysimeter  investigations  is  twofold ;  the  measurement 
of  the  hydrologic  balance  of  the  soil,  in  which  the  amount  and  rate 
of  percolation  is  the  primary  consideration,  and  the  determination  of 
the  chemical  losses  accompanying  percolation.  Omitting  laboratory 
lysimeters,  which  are  used  to  study  special  percolation  problems  and 

10  See  footnote  4,  table  1. 
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which  are  sometimes  sprinkled  artificially,  lysimeters  are  set  up  to 
supply  data  that  correspond  closely  to  those  that  would  be  obtained 
under  natural  conditions.  It  is  surprising  to  note  that  in  the  majority 
of  the  lysimeters  soil  and  percolation  conditions  prevail  that  are 
far  from  natural,  and  to  sanction  the  use  of  such  lysimeters  by  declar- 
ing very  shallow  filled-in  lysimeters  without  run-off  provision  to  be 
standard  (210)  appears  to  be  unjustified.  The  removal  of  soil  from 
its  original  site,  and  the  process  of  sifting,  mixing,  and  replacing  it  in 
a  container  is  bound  to  change  the  resulting  soil  climate  considerably. 
If  this  mixing  is  restricted  to  the  plow  layer,  it  does  not  seem  to  be 
so  objectionable,  since  it  is  this  part  of  the  soil  that  is  likewise  dis- 
turbed in  the  field  by  agricultural  implements.  The  mixing  of  the 
plow  soil  in  itself  cannot  adversely  affect  the  results,  but  its  separation 
from  the  underlying  soil  layers  is  apt  to  change  the  percolation  rate. 
To  overcome  this  objection,  some  investigators  have  filled  lysimeter 
tanks  with  a  number  of  soil  horizons  in  the  same  sequence  as  they 
occur  in  the  natural  profile,  but  in  this  way  it  frequently  happens  that 
soil  that  was  on  the  upper  side  of  a  certain  horizon  will  be  placed  in 
the  lower  part  of  the  same  horizon  when  filled  into  the  lysimeter 
tank.  This  will  result  in  a  change  of  chemical,  physical,  and  biological 
conditions  and  is  apt  to  influence  the  rate  of  percolation  and  its  chemi- 
cal composition. 

The  change  of  the  original  soil  structure,  the  obviation  of  root 
channels  and  of  soil  fissures  in  the  lower  horizons  are  apt  to  decrease 
greatly  the  rate  of  percolation,  particularly  in  heavy  subsoils;  but 
the  changes  of  percolation  from  natural  conditions  are  not  restricted 
to  filled-in  lysimeters.  The  greatest  functional  error  in  all  three 
types  of  lysimeters  probably  occurs  at  the  boundary  of  the  lysimeter 
soil  and  the  air  beneath  it.  When  the  gravitational  water  reaches 
this  point  it  will  have  to  overcome  the  resistance  set  up  by  surface 
tension  before  it  can  leave  the  soil.  This  phenomenon  has  been 
studied  by  various  soil  investigators  and  has  been  described  particu- 
larly well  by  Lebedev  n  and  by  Zunker12  (389),  but  it  appears  that 
many  lysimeter  installations  have  been  planned  without  a  complete 
comprehension  of  this  drainage-impeding  effect  of  the  soil-air  bound- 
ary at  the  bottom  of  the  lysimeter. 

Frequently  sand  or  gravel  is  placed  below  the  soil  to  keep  it  from 
washing  out  through  the  drain  pipe.  This  practice  is  also  followed 
in  an  attempt  to  provide  for  better  drainage.  The  writers  have 
investigated  the  effect  on  drainage  by  covering  the  bottom  of  ly- 
simeters with  6-inch  layers  of  washed  sand  and  placing  various 
layers  of  soil  above  them.  At  the  end  of  the  dry  season  (October) 
these  layers  of  soil  and  sand  were  removed  and  the  soil-moisture  content 
of  numerous  samples  determined  gravimetrically.  An  accumulation 
of  soil  moisture  was  found  above  the  soil-sand  boundary  as  well  as 
above  each  boundary  between  soil  layers  of  different  texture  and  a 
particularly  great  accumulation  of  water  was  present  in  the  lower 
part  of  the  sand  just  above  the  bottom  screen. 

In  very  humid  climates  where  percolation  rates  are  high  the  per- 
colate restriction  at  the  soil-air  boundary  will  not  be  very  serious, 

«  Lebedeff,  A.  F.  the  movement  of  ground  and  soil  waters.  1st  Internatl.  Cong.  Soil  Sci.,  Wash- 
ington, 1928.    Proc.  1: 459-494.    1928. 

12  Zunker,  F.  das  verhalten  des  wassers  zum  boden.  Blank's  Handbuch  der  Bodenlehre  6:125. 
1930. 
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because  enough  water  percolates  to  overcome  the  surface-tension 
impediment  and  because  the  natural  soils  are  moist  most  of  the  time. 
In  drier  climates,  however,  the  soils  in  lysimeters  will  have  a  tendency 
to  contain  much  more  moisture  in  the  bottom  layer  than  they  contain 
in  this  layer  in  the  undisturbed  profile.  Unless  lysimeters  are  very 
deep,  the  roots  of  the  plants  growing  on  them  will  reach  this  excess 
water  and  hence  will  supply  the  plants  with  more  water  for  transpira- 
tion and  more  nutrients  than  they  would  under  natural  conditions. 
In  this  way  the  rate  and  amount  of  percolation  and  the  chemical 
composition  of  the  percolate  are  changed.  Frequently,  this  accumu- 
lation of  water,  together  with  the  prevention  of  run-off,  produces 
such  an  unhealthful  condition  that  plant  growth  suffers,  and  the 
rate  of  transpiration  is  reduced  below  normal.  Some  investigators 
even  aggravate  this  objectionable  waterlogged  condition  of  lysimeter 
soils  by  preventing  the  growth  of  higher  plants  and  thus  eliminating 
the  natural  disposal  of  water  through  transpiration.  After  a  few 
seasons,  moss  and  algae  take  the  site,  which  has  been  made  unsuitable 
for  agricultural  crops.  It  is  a  well-known  fact  that  waterlogging  of 
soils  is  accompanied  by  many  changes,  such  as  lowering  of  the  oxida- 
tion-reduction potential,  denitrification,  dissolving  of  iron  and  titanium, 
formation  of  hydrogen  sulfide,  raising  of  the  partial  pressure  of 
carbon  dioxide,  all  of  which  will  tend  to  alter  the  chemical  composi- 
tion of  the  percolate.  Where  side  walls  do  not  permit  the  horizontal 
flow  of  water  in  lysimeters,  as  in  the  monolith  and  filled-in  types, 
the  Water  will  be  forced  to  escape  through  the  open  bottom  after 
sufficient  hydrostatic  head  has  been  developed  to  overcome  the 
drainage-impeding  effect  of  surface  tension.  In  Ebermayer  lysimeters 
it  may  frequently  happen  that  the  water,  when  encountering  the 
obstacle  to  percolation  set  up  by  the  soil-air  interface,  follows  the  path 
of  least  resistance  and  flows  around  the  funnel.  This  may  explain 
the  extremely  low  percolation  rates  reported  by  Joffe  (90)  in  the 
lower  soil  horizons.  Harper  13  found  that  under  certain  soil  conditions 
Ebermayer  lysimeters  did  not  yield  any  percolate,  whereas  under 
other  conditions  the  same  lysimeters  acted  as  drains  and  therefore 
produced  excessively  high  percolation  rates.  It  is  doubtful  whether 
Ebermayer  lysimeters  will  yield  reliable  data  for  the  study  of  the 
composition  of  the  percolate,  but  it  seems  certain  that  they  cannot 
yield  quantitative  hydrologic  data. 

While  this  impeding  effect  will  be  operative  in  a  greater  degree  in 
dry  seasons  and  climates,  the  large  amounts  of  gravitational  water 
that  percolate  in  times  of  excessive  precipitation  or  after  the  thawing 
out  of  the  soil  in  the  spring  will  find  less  resistance  at  the  soil-air 
boundary  than  they  would  in  passing  downward  through  an  almost 
saturated  subsoil.  After  such  excessive  drainage  has  taken  place,  no 
ground  water  is  at  the  disposition  of  the  lysimeter  soil;  and  this  soil 
may  dry  out  considerably,  whereas  natural  soil  would  have  been  kept 
moist  for  a  much  longer  period.  It  is  these  two  opposing  factors, 
the  impediment  of  percolation  by  the  surface  tension  operative  at 
the  soil-air  interface  and  the  lack  of  resistance  to  percolation  below 
the  lysimeter,  that  frequently  give  percolation  data  of  apparently 
satisfactory  agreement  with  natural  conditions,  when  only  the  amount 

13  Harper,  Horace  J.    a  study  of  lysimeter  installations  for  the  measurement  of  gravita- 
tional water.    Unpublished  paper  presented  before  the  meeting  of  the  Amer.Soc.  Agron.,  November  1937. 
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of  percolation  of  longer  periods  is  considered.  But  data,  obtained 
through  compensation  of  two  large  errors,  are  of  little  value. 

One  of  the  greatest  objections  to  lysimeter  investigations  is  that, 
generally,  measurements  of  the  moisture  content  of  the  various  soil 
layers  are  not  made,  and  therefore  no  knowledge  can  be  obtained  of 
the  movement  of  the  water  within  the  lysimeter  and  no  comparisons 
made  with  the  moisture  content  of  similar  soils  in  natural  surroundings. 
Determinations  of  gravitational  soil  moisture  are  normally  out  of 
the  question  in  a  lysimeter.  Recently,  however,  tensiometers  have 
been  used  (69)  to  study  soil-moisture  conditions  in  lysimeters,  and 
other  work  is  under  way  on  this  problem. 

It  is  probable  that  air-pressure  conditions  in  most  lysimeters  are 
different  from  those  in  the  undisturbed  soil,  since  so  many  factors  occur 
in  lysimeters  that  are  likely  to  change  soil-air  pressure.  The  most 
important  of  these  factors  are  probably  the  open  bottom  and  the  side 
walls.  That  such  pressure  changes  influence  percolation  rates  cannot 
be  doubted,  but  it  is  likely  that  their  magnitude  is  much  smaller  than 
the  changes  due  to  the  factors  mentioned  above.  Some  careful 
research  will  be  necessary  to  clarify  this  problem. 

Soils  containing  a  fair  percentage  of  clay  shrink  on  drying.  When 
they  are  contained  in  a  lysimeter  it  frequently  happens  that  fissures 
appear  between  the  soil  and  the  side  walls,  and  precipitation  often 
results  in  direct  percolation  along  the  side  walls  before  the  soil  has  had 
time  to  swell  and  fill  these  openings.  The  amount  of  such  "fictitious" 
percolation  can  be  very  large,  and  precautions  should  be  taken  to 
prevent  it. 

Precipitation  is  not  the  only  source  of  soil  water;  condensation  and 
absorption  of  water  vapor  also  contribute  a  significant  share,  and 
equipment  should  be  installed  to  ascertain  the  magnitude  of  these 
accretions.  If  only  chemical  phenomena  are  investigated,  such 
information  is  not  particularly  important.  "Wherever  possible,  provi- 
sion should  be  made  for  weighing  the  lysimeter.  Scales  with  weight 
recorders  are  to  be  preferred,  since  they  permit  the  study  of  diurnal 
moisture  fluctuations  in  the  soil  body.  The  following  equations  show 
how  the  data  from  a  weighing  lysimeter  can  be  used. 

Water  addition                      =  Water  loss  +  Water  storage 

Precipitation     (direct  Run-off  (direct  measure-          Direct     measure- 
measurement)  ment)                                             m  e  n  t  s     by 

Rain  Percolation  (direct  meas-             weight u 

Snow  urement) 

Hail  Evapo-transpiration 15 

Sleet  Evaporation 

Fog  Transpiration 
Condensation 

Dew  (plants) 

Condensation  (soil) 

Adsorption  (soil) 

Precipitation  +  condensation  =  run-off  -f-  percolation  +  evapo-transpiration  -+- 

storage  16 
Precipitation    —    run-off    —    percolation    —    storage    =    evapo-transpiration    — 

condensation 


14  Weight  changes  of  a  lysimeter  may  be  caused  by  other  factors  besides  water.  Most  of  these  are  insig- 
nificant, but  such  factors  as  application  of  manure,  soil  erosion,  growth,  and  harvest  of  plants  have  to  be 
included  in  the  calculation. 

15  Evaporation  and  transpiration  cannot  be  separated  accurately  in  a  single  lysimeter  experiment. 

16  Storage  may  be  positive  or  negative  (loss  of  weight) .    If  it  is  negative,  the  opposite  sign  should  be  used. 
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These  equations  are  applicable  to  any  period  of  time  studied.  All 
factors  on  the  left-hand  side  of  equation  (3)  can  be  determined  directly, 
while  only  the  difference  between  evapo-transpiration  and  condensa- 
tion can  be  obtained  with  this  equation  from  the  data  of  a  weighing 
lysimeter.  A  rather  close  separation  between  condensation  and 
evapo-transpiration  can  be  obtained  by  plotting  accumulated  evapo- 
transpiration  minus  condensation  against  time,  wherever  accurate 
weights  are  recorded  for  30-minute  intervals  or  less. 

ESTABLISHED  LYSIMETER  FINDINGS 

A  critical  review  of  the  literature  on  lysimeters  reveals  that  some 
authors  have  studied  phenomena  that  have  been  satisfactorily 
investigated  by  others  at  previous  times.  All  the  factors  that  depend 
on  purely  local  conditions  obviously  have  to  be  studied  at  each  given 
location.  This  is  true  of  the  determination  of  the  magnitude  of  data 
obtained  through  lysimeter  research.  But  since  many  lysimeters  are 
constructed  that  cannot  possibly  represent  natural  hydrologic  condi- 
tions, their  data  will  yield  at  best  only  generalizations,  and  of  these  a 
good  many  are  already  known.  A  summary  of  those  fundamental 
facts  that  have  been  established  through  the  lysimeter  research  of  two 
and  a  half  centuries  is  presented. 

FINDINGS  WITH  RESPECT  TO  THE  MOISTURE  RELATIONSHIPS  OF  SOILS  1" 

TEXTURE 

Percolation  is  more  rapid  through  light  soils  than  through  heavy 
soils.  Percolation  is  more  continuous  through  heavy  soils  than 
through  light  soils.  The  total  amount  of  percolation  per  year  is  greater 
through  light  soils  than  through  heavy  soils. 

Heavy  soils  lose  more  water  through  evaporation  and  run-off  than 
light  soils. 

STRUCTURE 

Porous  crumb  structure  favors  percolation,  whereas  single-grain 
structure  tends  to  decrease  percolation.  Exchangeable  cations  affect 
the  percolate  indirectly  as  they  affect  structure  and  swelling.  Calcium 
and  hydrogen  soils  have  a  higher  rate  of  percolation  than  the  same 
soils  when  treated  with  sodium  salts,  because  the  deflocculation  of  the 
clay  brought  about  by  the  sodium  ion  results  in  the  elimination  of 
many  of  the  larger  pore  spaces. 

OTHER    SOIL    CHARACTERISTICS 

Natural  fissures,  worm  holes,  and  channels  of  dead  roots  increase 
percolation.  Virgin  forest  soils  allow  a  much  greater  percolation  to 
occur  than  the  same  soils  after  they  have  been  cleared  and  cultivated. 

The  amount  of  drainage  is  largely  a  reflection  of  the  amount  of 
precipitation  and  of  the  total  amount  of  dry  matter  removed  in  crops, 
being  increased  by  increases  in  precipitation  and  decreased  by  increases 
in  the  amount  of  dry  matter  removed.  The  influence  of  the  depth  of 
the  soil  column  on  percolation  is  largely  determined  by  soil  type. 
Since  various  investigators  have  reported  entirely  different  correla- 
tions of  soil  depth  with  percolation,  no  general  statement  can  be  made. 

17  The  presentation  of  lysimeter  findings  is  based  on  a  comparative  study  of  the  data  cited  in  this 
discussion  of  lysimeters. 
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Fertility  affects  the  amount  and  rate  of  percolation  only  indirectly 
through  the  growth  of  plants.  In  general,  high  fertility  is  associated 
with  increased  transpiration  and  decreased  percolation. 

SOIL    COVER 

When  a  lysimeter  soil  is  covered  with  coarse  sand  or  gravel,  infil- 
tration is  increased  and  evaporation  decreased,  and  hence  percolation 
is  increased;  this  relationship  might  be  obscured  or  changed  by  plant 
growth  if  the  plants  take  up  the  greater  amount  of  available  water. 

A  mulch  of  dead  vegetal  material  shows  an  effect  very  similar  to 
a  mulch  of  sand  or  gravel.  The  beneficial  effect  of  a  dead  vegetal 
mulch  on  the  moisture  relationships  of  soils  increases  with  increases 
in  the  thickness  of  the  mulch  to  about  3  inches;  but  when  the  mulch 
gets  much  thicker  the  amount  of  water  intercepted  and  directly 
evaporated  surpasses  the  amount  of  water  that  is  saved  from  evapor- 
ation, and  hence  percolation  decreases. 

Owing  to  transpirational  losses,  lysimeters  covered  with  living 
vegetation  usually  show  less  percolation  than  those  without  vege- 
tation. This  difference  is  more  or  less  proportional  to  the  rate  of 
growth,  increasing  during  the  summer  and  becoming  negligible  during 
the  winter. 

WEATHER   AND    CLIMATE 

An  annual  cycle  of  percolation  rates  is  frequently  observed.  In 
the  Temperate  Zone,  percolation  is  greatest  in  the  latter  part  of  the 
winter  and  in  the  early  spring  and  decreases  rapidly  with  the  growth 
of  plants  in  the  summer.  In  many  installations  percolation  ceases 
entirely  in  midsummer  and  does  not  begin  until  late  in  the  autumn. 

The  amount  of  annual  percolation  from  any  given  lysimeter 
generally  fluctuates  approximately  to  the  same  extent  as  precipita- 
tion, whereas  evapo-transpiration  remains  rather  uniform  under 
similar  conditions  of  plant  cover.  The  amount  of  percolation  is 
affected  after  extremely  dry  or  extremely  wet  years  in  proportion  to 
the  change  of  the  soil-moisture  storage  from  normal. 

As  is  consistent  with  the  genesis  of  soils,  percolation  occurs  freely 
through  Pedalfers,  whereas  through  Pedocals  it  occurs  only  occasion- 
ally and  in  small  quantities,  unless  the  soils  have  been  irrigated 
heavily. 

FINDINGS  WITH  RESPECT  TO  THE  CHEMICAL  CONSTITUENTS   OF  THE  PERCOLATE 

The  rate  of  loss  of  chemical  constitutents  from  lysimeter  soils  is 
dependent  on  the  amount  of  percolating  water.  During  the  summer, 
when  the  rate  of  percolation  becomes  very  low,  the  rate  of  loss  of 
chemical  constitutents  also  drops  considerably,  but  the  total  con- 
centration normally  increases  with  the  decrease  of  the  percolation 
rate.  This,  however,  is  not  true  of  all  individual  elements.  The 
amounts  in  which  the  various  substances  occur  in  the  percolate 
depend  on  their  abundance,  their  affinity  to  the  soil,  their  solubility, 
the  temperature,  and  the  rate  of  percolation.  ^ 

In  general,  the  amount  of  chemical  constituents  lost  is  greater 
from  bare  soils  than  from  soils  supporting  a  vegetation,  because  the 
plant  roots  take  up  a  considerable  part  of  the  dissolved  chemicals. 
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The  difference  of  concentration  is  particularly  great  in  easily  leachable 
materials,  such  as  nitrate,  chloride,  and  sulfate,  whereas  phosphate, 
usually  in  low  concentration,  is  leached  in  about  the  same  small 
quantities  from  fallow  lysimeters  as  from  vegetated  lysimeters. 
The  exchangeable  bases  take  up  an  intermediate  position  in  this 
respect. 

EXCHANGEABLE    BASES 

In  every  lysimeter  installation  of  which  the  writers  have  studied 
percolate  analyses,  calcium  is  leached  out  in  much  greater  quantities 
than  the  other  bases.  Magnesium,  potassium,  and  sodium  usually 
follow  in  the  order  named.  It  is  probable  that  in  saline  soils  sodium 
would  be  lost  to  a  greater  extent  than  calcium,  but  lysimeter  experi- 
ments on  such  soils  are  rather  uncommon,  probably  because  of  the 
very  nature  of  Pedocal  soils,  in  which  percolation  is  very  low. 

NITROGEN 

Nitrogen  occurs  in  the  percolate  mainly  in  the  form  of  nitrate. 
A  part  of  the  ammoniacal  nitrogen  is  utilized  by  plants,  and  the 
remainder  is  held  largely  in  the  exchange  complex.  Any  ammonia 
released  from  these  sources  is  normally  oxidized  before  leaving  the 
soil,  and  hence  little  ammonia  appears  in  the  percolate.  In  peat 
soils,  because  of  their  reducing  power,  a  great  deal  of  the  nitrogen  hi 
the  percolate  appears  in  ammoniacal  form.  Under  conditions 
favorable  for  denitrification,  nitrates  are  found  in  the  percolate.  In 
filled-in  lysimeters  it  is  frequently  noticed  that  in  the  first  year  or  two 
the  nitrate  content  of  the  percolate  is  rather  high,  but  afterwards 
it  decreases  to  very  low  rates.  This  decrease  is  due  to  aeration 
caused  by  stirring  and  mixing  the  soil  before  it  has  settled  and  to  the 
larger  pore  spaces  remaining  in  the  soil,  which  tend  to  make  con- 
ditions favorable  for  nitrification.  Later  on,  these  spaces  close  up; 
and  since  the  natural  fissures  and  cracks  have  been  destroyed  by  the 
sifting  and  filling  process,  aeration  conditions,  and  hence  nitrification, 
become  poorer,  particularly  if  drainage  in  the  soil  is  impeded,  as  it 
is  in  numerous  lysimeters. 

PHOSPHATE 

Phosphate  is  found  only  in  traces  in  the  percolate  from  most 
lysimeters  irrespective  of  the  fertility  status  of  the  soil  and  regardless 
of  whether  plants  are  growing  on  it.  Only  in  case  of  high  application 
of  phosphate  to  a  very  light  soil  is  the  phosphate  content  of  the 
percolate  somewhat  higher. 


Rain  water  in  practically  every  locality  contains  appreciable 
quantities  of  sulfate,  particularly  in  the  vicinity  of  cities  and  industrial 
plants,  and  it  seems  that  the  amount  of  sulfate  in  the  percolate  is 
somewhat  dependent  on  the  amount  of  sulfur  in  the  rain.  Other 
important  sources  of  sulfur  are  commercial  fertilizer  and  manure. 
Sulfate  occurs  in  the  soil  in  various  compoimds,  some  of  which  are 
not  easily  soluble,  but  there  is  usually  an  abundance  of  bases  with 
which  it  can  form  soluble  compounds,  and,  consequently,  percolation 
waters  are  almost  always  relatively  rich  in  sulfate.  The  amount  of 
sulfate  percolation,  as  well  as  nitrate  percolation,  is  greatly  affected 
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by  plant  growth.  The  rate  at  which  mineralization  of  organic 
matter  takes  place  is  another  factor  affecting  the  amounts  of  sulfate 
in  the  percolate. 

CHLORINE 

Chlorine  is  supplied  to  the  soil  mainly  through  precipitation  and 
fertilizers,  and  since  most  chlorides  are  very  readily  soluble,  they  are 
leached  out  of  the  soil  in  about  the  same  quantities  in  which  they  are 
supplied.  If  lysimeters  are  cropped,  some  chlorine  is  retained  by  the 
plants.  This,  however,  does  not  greatly  change  the  amount  of 
chlorides  in  the  percolate,  since  plants  absorb  very  little  of  this  ion. 
The  concentration  of  chlorides  in  percolating  waters  of  any  given  soil 
does  not  change  very  greatly  during  the  season  if  no  fertilizer  con- 
taining chlorides  is  added.  The  rate  at  which  chlorides  are  lost  from 
the  soil  is  almost  proportional  to  the  rate  of  percolation.  In  any  one 
year  the  amount  of  chlorides  in  the  percolate  may  be  smaller  or  larger 
than  the  amount  added  to  the  soil  through  precipitation  and  fertiliz- 
ers, depending  on  the  amount  of  percolating  water,  which  in  turn 
depends  largely  on  the  rainfall. 

SILICA 

Only  a  few  investigators  have  analyzed  silica  in  lysimeter  leachings, 
and  little  is  known  in  this  regard.  Silica  is  lost  in  great  quantities 
from  most  soils.  Low  concentrations  of  electrolytes  in  the  soil 
solution  seem  to  encourage  the  percolation  of  silica,  because  under 
such  conditions  the  inorganic  soil  colloids  become  easily  peptized  and 
comparatively  mobile,  which  results  in  a  greater  loss  of  silica  in  the 
winter  than  in  the  summer. 

OTHER  ELEMENTS  OR  COMPOUNDS 

Iron,  aluminum,  titanium,  manganese,  carbonate,  bicarbonate,  and 
organic  carbon  have  been  determined  in  lysimeter  leachates  by  a  few 
investigators,  but  in  the  authors'  opinion  no  general  conclusions 
drawn  from  the  data  published  to  date  are  warranted. 

REACTION    OF    THE    PERCOLATE 

In  general,  the  pH  value  of  the  percolate  from  an  unfertilized  soil 
is  higher  than  that  of  the  soil  itself.  This  is  due  probably  to  the 
presence  of  basic  carbonate  or  bicarbonate  salts  in  the  percolate. 
When  fertilizers  are  applied  to  the  soil  the  pH  value  of  the  percolate 
may  be  either  higher  or  lower  than  that  of  the  soil,  depending  on  the 
physiologic  reaction  of  the  fertilizer.  The  reaction  of  leachings  from 
soils  treated  with  sodium  nitrate  is  near  the  neutral  point,  whereas 
leachings  from  soils  treated  with  ammonium  sulfate  are  distinctly 
acid. 

SUGGESTIONS  FOR  FUTURE  LYSIMETER  STUDIES 

CONSTRUCTION  OF  LYSIMETERS 

Two  and  a  half  centuries  of  lysimeter  studies  have  greatly  helped 
to  promote  the  knowledge  of  the  phenomena  of  the  movement  of 
water  through  soil  and  the  leaching  of  chemicals  from  soils.  Not  in 
every  case,  however,  does  the  yield  of  information  obtained  from  a 
lysimeter  investigation  seem  to  correspond  to  the  effort  put  into  it. 
This  is  not  surprising  if  one  considers  the  many  difficulties  encountered 
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in  the  construction  and  operation  of  lysimeters.  In  the  following 
pages  an  attempt  is  made  to  enumerate  the  factors  that  are  of  primary 
importance  in  the  construction  of  lysimeters. 

In  general,  lysimeters  should  be  constructed  in  such  a  way  that 
their  moisture  relationships  correspond  closely  to  those  of  soils  under 
natural  conditions.  (In  some  instances,  special  features  that  require 
a  somewhat  artificial  environment  have  to  be  studied.  The  labora- 
tory lysimeters  will  not  be  discussed  here.)  It  should  be  considered 
essential  that  the  soil  in  a  lysimeter  be  in  its  original  undisturbed 
condition.  This  is  true  regardless  of  whether  the  main  purpose  of  the 
study  relates  to  questions  concerning  hydrology  or  fertility.  After 
the  soil  has  once  lost  its  identity  by  mixing,  sifting,  and  packing,  it  is 
futile  to  hope  that  it  will  be  restored  to  its  original  composition  and 
structure  by  allowing  it  to  settle  for  a  few  years.  Flodkvist 18  found 
an  increased  permeability  in  soil  that  had  been  allowed  to  settle  for 
48  years.  Nitrification  is  a  very  sensitive  index  of  soil  conditions. 
The  percolate  of  freshly  filled  lysimeters,  as  has  been  mentioned, 
usually  contains  large  quantities  of  nitrates,  since  the  soil  was  aerated 
when  it  was  handled  and  its  pore  space  is  greater  than  it  was  when 
the  soil  was  in  its  original  position.  After  a  few  years  the  yield  of 
nitrates  in  the  leachate  rapidly  decreases  to  a  point  below  that  which 
would  be  obtained  from  the  natural  soil.  The  soil  has  then  become 
so  packed  and  dense  that  aeration  proceeds  only  with  difficulty. 
The  cracks  that  provide  air  circulation  in  a  natural  soil  have  not  had 
time  to  form.  The  change  in  nitrification  can  be  very  readily  ob- 
served. There  is  no  doubt  that  most  of  the  other  physical,  chemical, 
and  biological  soil  reactions  are  seriously  affected  by  filling  the  soil 
into  lysimeter  boxes.  The  heavier  the  soil  and  the  more  mature  its 
profile  the  greater  will  be  the  disturbance  created  by  digging  and 
replacing,  even  if  an  attempt  be  made  to  keep  the  horizons  in  their 
original  sequence.  It  can  be  assumed  that  a  sandy  soil,  particularly 
if  its  profile  is  rather  undeveloped,  will  be  little  affected  by  removal 
from  its  original  site  and  replacement  in  a  lysimeter.  In  general, 
however,  a  soil  should  be  left  unmolested  and  the  lysimeter  built 
around  it  if  data  are  to  be  obtained  that  will  serve  to  answer  the 
intricate  problems  of  the  moisture  relationships  of  natural  soils. 

It  can  hardly  be  doubted  that  the  separation  of  the  soil  profile  from 
the  substrata  and  the  placing  of  a  perforated  bottom  under  it  will 
affect  the  rate  of  percolation.  The  reasons  for  this  have  been  dis- 
cussed. It  would  appear  reasonable  to  follow  the  example  of  Sanborn 
(85),  who  in  1888  built  large  lysimeters  merely  by  encasing  one  one- 
hundred  ths  of  an  acre  of  natural  soil  in  impermeable  vertical  walls  and 
placing  drain  tiles  at  a  4-foot  depth  in  the  ground  to  collect  the 
percolate.  It  seems  that  no  other  investigator  has  employed  this 
type  of  lysimeter,  probably  because  of  the  uncertainty  of  all  the 
percolate  being  collected  in  the  tiles  and  the  probability  of  obtaining 
data  that  are  not  quantitative.  The  excessive  drainage  caused  by 
the  drain  tiles  can  hardly  be  considered  a  valid  argument  against  the 
Sanborn  lysimeter,  since  some  other  lysimeters  also  are  defective  in 
this  respect,  at  least  during  the  wet  season. 

In  the  authors '  opinion,  it  would  be  worth  while  to  make  a  study  of 
the  usefulness  of  Sanborn  lysimeters;  for  they  permit  a  study  of  per- 

18  Flodkvist,  H.    agronomisch-hydrotechnische  ergebnisse  von  dranungsversuchen  auf  ton- 
Boden.    3d  Intematl.  Cong.  Soil  Sci.,  Oxford,  Trans.  3: 164-168,    1936. 
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colate  obtained  from  soil  with  a  minimum  of  disturbance  of  the 
profile.  Sanborn  was  not  able  to  make  such  a  study,  because  he  left 
the  Missouri  Agricultural  Experiment  Station  shortly  after  com- 
pleting the  lysimeters.  As  all  other  lysimeters  are  constructed  with 
an  artificial  bottom  and  as  percolation  of  water  through  soil  cannot  be 
studied  at  present  without  lysimeters,  it  seems  best  to  place  this 
bottom  as  deep  as  possible.  This  is  particularly  important  if  plants 
grow  on  the  lysimeters.  The  bottom  of  a  lysimeter  should  be  so  deep 
that  only  very  few  roots  can  reach  it,  because  then  the  water  removed 
by  plants  from  the  soil  at  the  bottom  will  be  negligible.  In  a  rather 
shallow  lysimeter  (3  to  4  feet)  many  roots  penetrate  to  the  bottom 
layer,  which  is  frequently  better  supplied  with  water  than  soil  of  the 
same  depth  that  is  in  contact  with  strata  underneath.  The  drier  the 
climate,  the  more  serious  is  this  factor. 

The  movement  of  gravitational  water  through  soil  is  not  exclu- 
sively perpendicular,  but  frequently  follows  fissures,  old  root  chan- 
nels, and  the  like,  in  a  slanting  direction.  The  lysimeter  walls  will 
act  as  an  insurmountable  obstacle  to  such  percolation.  The  ideal 
would  be  to  construct  lysimeters  without  side  walls  (Ebermayer 
lysimeters),  but  it  is  impossible  to  obtain  quantitative  data  with  them 
since  the  soil  area  drained  is  not  definitely  known.  A  practical  ap- 
proach to  the  ideal  is  to  decrease  this  border  effect  of  the  side  walls 
by  building  lysimeters  of  rather  large  area  (one  one-thousandth  to 
one  one-hundredth  of  an  acre). 

Soils  containing  an  appreciable  amount  of  clay  have  a  tendency  to 
shrink  on  drying,  and  cracks  are  therefore  very  likely  to  be  formed 
between  the  soil  block  and  the  lysimeter  walls.  Precautions  should 
be  taken  to  avoid  drainage  along  such  cracks.  Horizontal  steel 
strips  extending  1  to  2  inches  into  the  soil  and  roughened  side  walls 
have  been  found  useful  in  this  respect.  Not  only  will  standing  water 
alter  the  immediate  moisture  conditions  of  a  soil,  but,  after  some  time, 
it  will  actually  alter  the  very  nature  of  the  soil  itself.  It  is  obvious 
that  after  such  a  change  has  occurred,  the  data  from  a  lysimeter  lose 
their  significance.  Soils  that  have  in  nature  free  surface  drainage 
should  be  provided  with  the  same  drainage  in  the  lysimeter.  It  is 
obvious  that  the  amount  of  run-off  water  should  be  recorded. 

The  writers  believe  that  no  one  construction  should  be  regarded 
as  standard  in  a  lysimeter  and  that  a  proper  design  can  be  made  only 
by  having  an  accurate  knowledge  of  both  the  purpose  of  the  experi- 
ment and  of  the  pedologic,  geologic,  and  climatic  conditions. 

EXPERIMENTAL  PLAN 

To  avoid  drawing  conclusions  from  inadequate  information,  in- 
vestigators should  not  carry  out  lysimeter  studies  without  replicating 
each  individual  treatment.  The  number  of  replicates  needed  de- 
pends largely  on  the  nature  of  the  investigation  and  the  type  of 
lysimeters  used.  If  the  soil  is  left  in  its  natural  condition,  no  assur- 
ance is  given  of  its  uniformity;  therefore,  at  least  triplicates  should  be 
used  to  represent  any  one  condition  studied.  The  frequent  practice 
of  attempting  to  study  too  many  factors  with  too  few  lysimeters 
should  be  avoided.  As  soil  in  all  existing  types  of  lysimeters  may  be 
subject  to  deterioration,  it  is  necessary  to  continue  the  study  of  a 
given  installation  at  least  throughout  a  decade  in  order  to  determine 
whether  such  deterioration  has  occurred  and  to  judge  the  value  of  the 
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data.  It  may  be  advisable  to  install  a  number  of  extra  lysimeters 
and  to  remove  the  soil  from  one  of  them  every  2  or  3  years  so  that  its 
chemical,  physical,  and  biological  properties  may  be  determined. 
If  pronounced  changes  of  soil  properties  are  found,  the  potential 
future  usefulness  of  the  installation  for  attaining  the  original  objective 
should  be  carefully  considered. 

Lysimeter  installations  are  normally  supplemented  with  precipi- 
tation gages  and  other  meteorological  measuring  devices.  For  the 
selection  of  adequate  equipment  the  investigator  should  get  the  ad- 
vice of  a  professional  meteorologist.  An  accurate  knowledge  of 
hydrologic  factors  is  needed  regardless  of  whether  the  main  object 
of  the  investigation  is  the  study  of  the  rate  and  amount  of  the  perco- 
late or  of  its  composition. 

PUBLICATION  OF  DATA 

Lysimeter  investigations  could  be  made  more  useful  by  describing 
the  installations  more  completely  and  recording  the  data  in  a  uniform 
manner.  The  soils  are  usually,  though  not  always,  described  in 
detail,  but  information  concerning  soil  changes  during  the  investi- 
gation is  seldom  included.  Any  chemical,  physical,  and  biological 
change  should  be  noted,  since  it  might  give  an  important  clue  to  the 
nature  of  the  percolation. 

All  hydrologic  data  should  be  expressed  as  inches  depth  (or  centi- 
meters depth)  and  the  chemical  constituents  as  pounds  per  acre  (or 
kilograms  per  hectare),  so  that  any  lysimeter  investigation  may  be 
easily  compared  with  another  or  with  related  studies.  It  is  very 
confusing  to  read  lysimeter  reports  in  which  precipitation  is  recorded 
as  inches  depth,  percolate  as  cubic  centimeters  per  lysimeter,  and  the 
chemical  constituents  as  parts  per  million  of  the  percolate. 

"Lysimeter"  is  an  accepted  term  for  a  device  to  study  the  rate, 
amount,  and  composition  of  natural  precipitation  percolating  through 
soil  and  it  should  be  used  wherever  reference  is  made  to  such  an  in- 
strument. Such  terms  as  "culture  pot,"  "rim,"  "percolator,"  "per- 
colimeter,"  and  "drain-gauge"  are  ambiguous  and  should  be  avoided. 

SUPPLEMENTARY  STUDIES 

In  many  instances  a  knowledge  of  the  amount,  rate,  and  composition 
of  the  percolate  can  well  be  obtained  by  the  study  of  water  flowing 
from  springs  or  field  drain  tiles.  Tins  information  may  not  be  quan- 
titatively correct,  because  the  drainage  area  is  not  definitely  known 
and  not  all  the  percolation  water  may  be  caught.  The  great  value  of 
such  studies  lies  in  the  fact  that  the  data  are  acquired  from  a  percolate 
obtained  without  any  interference  with  natural  soil  conditions.  A 
combination  of  such  studies  and  lysimeter  research  appears  to  be 
advisable. 

CONCLUSION 

Lysimeters  have  distinct  limitations,  as  has  been  pointed  out;  but 
without  doubt  many  questions  concerning  pedology,  soil  fertility, 
and  hydrology  can  be  answered  by  the  correct  use  of  lysimeters. 
Filled-in  lysimeters  may  fulfill  useful  tasks  in  fertility  investigations  if  a 
sound  water  balance  is  maintained  in  the  soil;  but  for  pedologic  and 
hydrologic  studies  carefully  designed  monolith  lysimeters  seem  to  be 
indispensable. 
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and  the  loss  of  plant  nutrients,  the  analysis  of  the  soil  and  the  leachate, 
or  the  discussion  of  some  phase  of  lysimeter  investigations.  For  the 
purpose  of  this  bibliography  a  lysimeter  is  defined  as  an  instrument 
that  contains  soil  and  receives  natural  rainfall  or  irrigation  and  is 
provided  with  an  arrangement  for  collecting  and  measuring  the  perco- 
late. Literature  on  natural  lysimeters,  such  as  small  watersheds, 
having  no  apparent  supply  of  moisture  other  than  that  from  the 
atmosphere  and  provided  with  either  natural  drainage  or  tile-drainage 
systems,  is  not  included.  In  most  entries  the  pagination  refers  to 
that  part  of  a  publication  that  treats  of  lysimeters.  No  reference  is 
included  that  does  Dot  deal  directly  with  the  subject  of  lysimeters. 

The  following  letters  are  used  to  indicate  the  content  of  any  entry: 

A,  Information  on  the  size,  design,  construction,  installation  of  the  lysimeter. 

B,  Data  on  the  amount  of  leaching  or  quantity  of  leachate  from  the  lysimeter. 

C,  Data  on  the  quantity  of  plant  nutrients  lost  from  the  soil  or  the  chemical 
analysis  of  either  the  leachate  or  the  soil. 

D,  A  comparison  with  other  investigators'  work  or  inclusion  of  data  from 
such  reports. 

E,  Only  a  general  statement  or  discussion  with  no  data  included  unless  other- 
wise indicated. 

The  letter  or  letters  directly  opposite  an  author's  name  indicate 
those  subjects  discussed  in  the  material  cited  in  the  entry.  Letters 
within  the  body  of  the  entry  indicate  the  subject  treated  in  particular 
citations. 

The  entries  are  made  according  to  the  geographical  distribution 
of  the  lysimeters.  The  arrangement  of  references  in  chronological 
order  under  the  geographical  divisions  indicates  the  historic  develop- 
ment of  lysimeter  research  in  each.  No  special  significance  is  attached 
to  the  order  in  which  the  countries  are  listed.  Entries  of  the  studies 
in  the  States  and  Territories  of  the  United  States  are  first;  next  in 
order  are  those  for  Great  Britain,  Asia,  continental  Europe,  and 
Africa. 

The  author  index  (pp.  65-67)  is  arranged  alphabetically.  The  num- 
bers following  each  author's  name  provide  a  ready  reference  to  the 
entry  in  the  bibliography  in  which  his  work  is  cited. 

It  was  the  aim  of  the  compiler  of  this  bibliography  to  set  up  an 
arrangement  that  would  permit  the  selection  of  references  for  any 
period,  location,  author,  or  specific  type  of  subject  matter  without 
the  necessity  of  reviewing  the  entire  field  of  literature  on  the  general 
subject  of  lysimeters.  This  type  of  bibliography  reduces  the  time 
necessary  for  the  selection  of  references  on  a  particular  phase  of 
lysimeter  investigation.  For  example,  the  preparation  of  a  report 
on  the  amount  of  nitrogen  lost  by  leaching  from  soils  in  lysimeters  in 
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Europe  would  necessitate  the  review  of  only  those  entries  denoted  by 
C  and  listed  under  European  countries. 

Titles  of  publications  are  given  in  the  language  in  which  they  were 
published,  except  those  in  Russian.  These  are  transliterated.  If  a 
work  has  appeared  in  more  than  one  language  the  languages  in  which 
it  has  been  published  are  named. 

All  translations  by  the  compiler  and  additions  to  the  references  are 
in  brackets.  Citations  to  abstracts  have  not  been  made  unless  so 
stated;  however,  abstracts  of  many  of  the  works  cited  appear  in  the 
Experiment  Station  Record  and  Chemical  Abstracts.  All  the  publi- 
cations in  this  bibliography,  with  the  exception  of  entry  456,  which 
is  not  obtainable  in  this  country,  have  been  examined  by  the  compiler 
in  the  libraries  in  Washington,  D.  C. 

If  omissions  have  been  made  of  lysimeter  investigations  that  are 
within  the  limitations  set  up  for  this  bibliography,  the  librarian  of 
the  Soil  Conservation  Service  would  appreciate  receiving  such  informa- 
tion. The  exact  title,  author,  publication,  and  date  should  be  given. 
There  are  several  lysimeter  studies  that  have  been  or  are  being  con- 
ducted in  various  parts  of  the  world  for  which  no  published  reports 
have  been  made. 

BIBLIOGRAPHY 

UNITED  STATES 

ARIZONA 

(1)  Burgess,  P.  S.,  and  McGeorge,  W.  T.  (C) 

1933.  A     LYSIMETER     STUDY     OF    THE     NITROGEN     BALANCE     IN     IRRIGATED 

arid  soils.    Ariz.  Agr.  Expt.  Sta.  Ann.  Rpt.  44:  14-15. 

(2)  Shreve,  F.  (AB) 

1934.  RAINFALL,  RUN-OFF  AND  SOIL  MOISTURE  UNDER  DESERT  CONDITIONS. 

Assoc.  Amer.  Geogr.  Ann.  24:  140-146,  illus. 

CALIFORNIA 

(3)  Lowdermilk,  W.  C.  (AB) 

1929.  FURTHER    STUDIES    OF    FACTORS  AFFECTING    SURFICIAL  RUN-OFF    AND 

erosion.  Internatl.  Cong.  Forestry  Expt.  Sta.  (Stockholm  1929) 
Proc.  pp.  606-628,  illus.     [Processed.] 

(4)  (AB) 

1930.  INFLUENCE     OF    FOREST    LITTER    ON    RUN-OFF,     PERCOLATION,     AND 

erosion.     Jour.  Forestry  28:  474-491,  illus. 

(5)  Taylor,  G.  H.  (A) 

1931.  INVESTIGATIONS    RELATING   TO    THE    ABSORPTION    OF    PRECIPITATION 

AND  ITS  PENETRATION  TO  THE  ZONE  OF  SATURATION.      Natl.    Res. 

Council,  Amer.  Geophys.  Union  Trans.  12:  206-207,  illus. 
[Processed.] 

(6)  Lee,  C.  H.  (A) 

1932.  ON    ABSORPTION    AND    TRANSPIRATION.        RELATION    OF    WATERSHED 

vegetation  to  absorption.  Natl.  Res.  Council,  Amer.  Geophys. 
Union  Trans.  13:  292-293.     [Processed.] 

(7)  American  Geophysical  Union,  Hydrology  Committee.  (A) 

1933.  list  of  agencies  in  the  united  states  carrying  on  work  in 

the  field  covered  by  the  committee  on  absorption  and 
transpiration,  with  brief  information  regarding  their 
work  and  publications.  [forest  service,  california  forest 
experiment  station.]  Natl.  Res.  Council,  Amer.  Geophys. 
Union  Trans.  14:  357.     [Processed.] 

(8)  Blythe,  S.  O.  (A) 

1935.  WATER   FOR    THE    YEAR   2000.  A    FIFTY    YEAR    EXPERIMENT     AT    SAN 

DIMAS    FOR    INDUSTRY    AND    AGRICULTURE.        Calif.     Mag.     Pacific 

Business  26  (11):  20-23,  50-52,  illus. 


SURVEY   AND   DISCUSSION    OF   LYSIMETERS  33 

(9)   Kraebel,  C.  J.  (E) 

1935.  RUN-OFF   AND    EROSION    EXPERIMENTS    IN    MOUNTAIN    AREAS.       PLOT 

and  lysimeter  studies.     Amer.  Soc.  Civ.  Engin.  Water  Con- 
serv.  Prog.  Rpt.,  Los  Angeles,  1935:  92-94.     [Mimeographed.] 

(10)  California  Forest  and  Range  Experiment  Station.  (A) 

1936.  lysimeters.     U.  S.  Forest  Serv.,  San  Dimas  Expt.  Forest.     (Ed. 

1935,  rev.)  pp.  7,  19,  illus. 

CONNECTICUT 

(11)  Anderson,  P.  J.,  Swanback,  T.  R.,  and  Street,  O.  E.  (E) 

1930.  report  of  the  tobacco  substation  for  1929.     Conn.  (State)  Agr. 
Expt.  Sta.  Bui.  311:  205-206,  illus. 

(12)  Connecticut  Agricultural  Experiment  Station.  (A) 

1930.  soils,     leaching  experiments.     Conn.  (State)  Agr.  Expt.  Sta. 

(Ann.  Rpt.  1929)  Bui.  318:  762-763,  illus. 

(13)  (BC) 

1931.  NITROGEN  LOSS  REVEALED  BY  LYSIMETER.      Conn.  (State)  Agr.  Expt. 

Sta.  (Ann.  Rpt.  1930)  Bui.  322:  135-136. 

(14)  Morgan,  M.  F.,  Street,  O.  E.,  and  Jacobson,  H.  G.  M.  (ABC) 

1931.  FERTILIZER  LOSSES  THROUGH  LEACHING  AS  MEASURED  BY  LYSIMETER 

experiments.     Conn.    (State)    Agr.   Expt.   Sta.    (Tobacco  Sta. 
Rpt.  1930)  Bui.  326:  432-441. 

(15)  Connecticut  Agricultural  Experiment  Station.  (AC) 

1932.  Lysimeters  show  top-dressing  necessary.     Conn.  (State)  Agr. 

Expt.  Sta.  (Ann.  Rpt.  1931)  Bui.  337:  477-479. 

(16)  (C) 

1933.  soils.     Conn.  (State)  Agr.  Expt.  Sta.  (Ann.  Rpt.  1932)  Bui.  347: 

280. 

(17)  (C) 

1934.  soils,     lysimeter  experiments.     Conn.  (State)  Agr.  Expt.  Sta. 

(Ann.  Rpt.  1933)  Bui.  357:  131-133. 

(18)  (BC) 

1935.  lysimeter  data  from  forest  soils.    Conn.  (State)  Agr.  Expt.  Sta. 

(Ann.  Rpt.  1934)  Bui.  366:  90-91,  97. 

(19)  Lunt,  H.  A.  (ABC) 

1935.  forest  lysimeter  studies  under  pine.    Amer.  Soil  Survey  Assoc. 

Bui.  16:  86-92,  illus.     I  Mimeographed.] 

(20)  Connecticut  Agricultural  Experiment  Station.  (BC) 

1936.  DRAINAGE    LOSSES     UNDER    DOLOMITIC     LIME     TREATMENT.        FOREST 

lysimeters.     Conn.  (State)  Agr.  Expt.  Sta.   (Ann.  Rpt.  1935) 
Bui.  381:   190-191. 

(21)  Morgan,  M.  F.  (ACD) 

1936.  SOIL     CHANGES     RESULTING     FROM     NITROGENEOUS     FERTILIZATION. 

a  lysimeter  study.     Conn.  (State)  Agr.  Expt.  Sta.  Bui.  384: 
371-449,  illus. 

(22)  Connecticut  Agricultural  Experiment  Station.  (E) 

1937.  nitrogeneous  fertilizer  and  soil  acidity.     Conn.  (State)  Agr. 

Expt.  Sta.  (Ann.  Rpt.  1936)  Bui.  393:  195-196. 

(23)  Lunt,  H.  A.  (ABCD) 

1937.  forest  lysimeter  studies  under  red  pine.     Conn.  (State)  Agr. 
Expt.  Sta.  Bui.  394:  221-268,  illus. 

(24)  Morgan,  M.  F.,  and  Bailey,  E.  M.  (E) 

1937.    THE  EVALUATION  OF  THE  INFLUENCE  OF  NITROGENEOUS  FERTILIZERS 
ON    THE     ACID-BASE     STATUS     OF     SOILS     BY     LYSIMETER     STUDIES. 

Amer.  Fert.  87  (5) :  7-8. 

FLORIDA 

(25)  Blair,  A.  W.  (A) 

1911.  soil    tank    investigations      Fla.    Agr.    Expt.    Sta.    Ann.    Rpt. 
1910:  32-34,  illus. 

(26)  and  Collison,  S.  E.  (A) 

1911.    TANKS    FOR    SOIL    INVESTIGATIONS    AT    THE    FLORIDA    AGRICULTURAL 

experiment  station.     Jour.  Indus,  and  Engin.  Chem.  3:  32-33. 
illus. 

170523° 


34  MISC.    PUBLICATION    3  7  2,    U.    S.    DEPT.    OF    AGRICULTURE 

(27)  Blair,  A.  W.  (AB) 

1911.  LOSS     OF     FERTILIZER     CONSTITUENTS     IN     DRAINAGE     WATER.       Fla. 

State  Hort.  Soc.  Proc.  24:  105-111,  illus. 

(28)  (BC) 

1912.  soil    tank    investigations.     Fla.    Agr.    Expt.    Sta.    Ann.    Rpt. 

1911:  32-39. 

(29)  Collison,  S.  E.  (BC) 

1913-16.  soil  tank  investigations.  Fla.  Agr.  Expt.  Sta.  Ann.  Rpts. 
1912:  43-47;  1915:  102-105. 

(30)  (BC) 

1914-15.  soil  tank  expebiments.     Fla.  Agr.    Expt.    Sta.    Ann.    Rpts. 

1913:  98-102;  1914:  77-80. 

(31)  and  Walker,  S.  S.  (BC) 

1916.  loss  of  fertilizers  by  leaching.     Fla.  Agr.  Expt.  Sta.  Bui.  132, 

20  pp.,  iUus. 

(32)  (C) 

1917-19.  soil  tank  investigations.     Fla.  Agr.  Expt.  Sta.  Ann.  Rpts. 

1916:  116R-118R;  1917:  101R-102R;  1919:  43R-45R. 

(33)  (AC) 

1919.  CITRUS  FERTILIZER  EXPERIMENTS.  COMPOSITION  OF  SOIL.  LEACH- 
ING of  febtilizer.     Fla.  Agr.  Expt.  Sta.  Bui.  154:  7-15,  illus. 

(34)  Ruprecht,  R.  W.  (E) 

1921.  report  of  physiological  chemist.     Fla.  Agr.  Expt.  Sta.  Ann. 

Rpt.  1921:  22R-24R. 

(35)  (E) 

1922.  citrus  problems.     Fla.  Agr.  Expt.  Sta.  Ann.  Rpt.  1922:  42R- 

43R. 

(36)  (BC) 

1923-25.  dieback  of  citrus.     Fla.  Agr.  Expt.  Sta.  Ann.  Rpts.   1923: 

46R-48R;  1924:  47R-49R;  1925:  28R-30R. 

(37)  (E) 

1926-28.     DIEBACK  OF  CITRUS.       SOIL  STUDIES.       GREEN  MANURE  PROJECT. 

Fla.  Agr.  Expt.  Sta.  Ann.  Rpts.  1926,  Dieback  of  Citrus,  pp. 
29R-30R;  1927,  Soil  Studies,  pp.  33R-34R;  1928,  Green 
Manure  Project,  p.  34R. 

(38)  (BC) 

1929.  DETERMINATION    OF   THE    EFFECT    OF    GREEN   MANURE    ON   THE    COM- 

POSITION   OF    THE    SOIL.       LYSIMETER    STUDIES.       Fla.    Agr.    Expt. 

Sta.  Ann.  Rpt.  1929:  47-48. 

(39)  Stokes,  W.  E.  (E) 

1930.  LYSIMETER      STUDIES       ON       PASTURE       GRASSES.       GREEN      MANURE 

studies.     Fla.  Agr.  Expt.  Sta.  Ann.  Rpt.  1930:  36,  47. 

(40)  Ruprecht,  R.  W.  (E) 

1930.  determination  of  the  effect  of  green  manures  on  composi- 
tion of  soil.     Fla.  Agr.  Expt.  Sta.  Ann.  Rpt.  1930:  60-61. 

(41)  Barnette,  R.  M.  (CE) 

1931-34.  DETERMINATION  of  the  effect  of  green  manures  on  the 

COMPOSITION      OF     SOIL.       LYSIMETER     EXPERIMENTS.       Fla.      Agr. 

Expt.  Sta.  Ann.  Rpts.  1931:  63-64  [C];  1932:  65-66  [E];  and 
1934:  49  [E]. 

(42)  (AC) 

1933.  DETERMINATION  OF  THE  EFFECT  OF  GREEN  MANURES  ON  THE  COM- 
POSITION OF  SOIL.  A  STUDY  OF  THE  DECOMPOSITION  OF  FOREST, 
RANGE,   AND   PASTURE   GROWTHS   TO   FORM   SOIL   ORGANIC   MATTER. 

Fla.  Agr.  Expt.  Sta.  Ann.  Rpt.  1933:  71-74. 

(43)  Jones,  H.  W.,  and  Hester,  J.  B.  (ABC) 

1938.  LYSIMETER    STUDIES    WITH   THE    DECOMPOSITION    OF    SUMMER    COVER 

crops.     Fla.  Agr.  Expt.  Sta.  Bui.  327,  44  pp.,  illus. 

(44)  Benson,  N.,  and  Barnette,  R.  M.  (AC) 

1939.  LEACHING    STUDIES    WITH    VARIOUS    SOURCES    OF    NITROGEN.       Amer. 

Soc.  Agron.  Jour.  31:  44-54. 


SURVEY  AND   DISCUSSION    OF   LYSIMETERS  35 

HAWAII 

(45)  Eckart,  C.  F.  (C) 

1901.  report  on  fertilization.     Hawaii.  Sugar  Planters'  Assoc.  Fert. 

Comn.  Rpt.  1901:  14-24. 

(46)  (ABC) 

1902.  PLAN       OF      EXPERIMENT.       FERTILIZATION       OF       LYSIMETER      SOILS. 

WORK  OF  THE  EXPERIMENT  STATION  AND  LABORATORIES.       Hawaii. 

Sugar  Planters'  Assoc.  Work  Rpt.  1902:  26-100,  illus. 

(47)  Maxwell,  W.  (D) 

1905.  STATEMENT  OF  THE  WORK  OF  THE  EXPERIMENT  STATION  AND  LABO- 
RATORIES, a  lysimeter.  Hawaii.  Sugar  Planters'  Assoc. 
Expt.  Sta.    (Div.  Agr.  and  Chem.  Ann.  Rpt.  1897)  Bui.  3:  6. 

(48)  (ABC) 

1905.  REPORT  ON  FERTILIZATION,  NOTES  ON  NITROGEN,  LIME,  AND  IRRI- 
GATION. Hawaii.  Sugar  Planters'  Assoc.  Expt.  Sta.  (Div.  Agr. 
and  Chem.  Ann.  Rpt.  1898)  Bui.  4:  12-14,  20-24. 

(49)  (D) 

1905.    WORK     OF    THE    EXPERIMENT    STATION    AND     LABORATORIES.       SOME 

results  of  over-irrigation.     Hawaii.    Sugar  Planters'  Assoc. 
Expt.  Sta.    (Div.  Agr.  and  Chem.  Ann.  Rpt.  1899)  Bui.  5:  21. 

(50)  Eckart,  C.  F.  (ABC) 

1905.  A    CONSIDERATION    OF    THE    ACTION    OF    SALINE    IRRIGATION    WATER/ 

THE     ACTION     OF     SALT     ON     THE     SOIL.       PLAN     OF     EXPERIMENTS. 

Hawaii.  Sugar  Planters'  Assoc.  Expt.  Sta.  (Div.  Agr.  and  Chem. 
Ann.  Rpt.  1902)  Bui.  8:  23-74.  illus. 

(51)  (BC) 

1906.  lysimeter  experiments.     Hawaii.  Sugar  Planters'  Assoc.  Expt. 

Sta.  (Div.  Agr.  and  Chem.)  Bui.  19,  31  pp. 

(52)  Thompson,  Alice  R.  (C) 

1909.  REPORT    OF    THE  ASSISTANT    CHEMIST.      WATER  ANALYSIS.       Hawaii. 

Agr.  Expt.  Sta.  Ann.  Rpt.  1908:  62. 

(53)  Eckart,  C.  F.  (E) 

1910.  REPORT    OF   COMMITTEE    IN   CHARGE    OF   EXPERIMENT    STATION.       RE- 

SEARCH work  in  hand.     Hawaii.  Planters'  Rec.  3:303-304. 

(54)  (E) 

1911.  REPORT     OF     THE     EXPERIMENT     STATION     COMMITTEE.       CHEMISTRY 

AND    SUGAR   TECHNOLOGY    RESEARCH.       LYSIMETER   EXPERIMENTS. 

Hawaii.  Planters'  Rec.  5:335. 

(55)  Peck,  S.  S.  (AC) 

1911.  lysimeter  experiments.     Hawaii.  Sugar  Planters'  Assoc.   Expt. 

Sta.  (Agr.  and  Chem.  Ser.)  Bui.  37,  38  pp.,  illus. 

(56)  (AC) 

1912.  THE    INFLUENCE    OF    MOLASSES     ON    NITRIFICATION    OF    CANE    SOILS. 

Hawaii.  Sugar  Planters'  Assoc.  Expt.  Sta.  (Agr.  and  Chem.  Ser.) 
Bui.  39,  27  pp.,  illus. 

(57)  (AC) 

1914.  THE    INFLUENCE    OF    FINENESS    UPON    THE    AVAILABILITY    OF    BONE 

meal,     lysimeter  tests.     Hawaii.  Planters'   Rec.  10:419-425. 

(58)  (C) 

1915.  lysimeter   experiments   with   press   cake.     Hawaii.    Planters' 

Rec.  12:  207-211. 

ILLINOIS 

(59)  Stauffer,  R.  S.,  and  Smith,  R.  S.  (ABD) 

1937.    VARIATION  IN  SOILS  WITH  RESPECT  TO  THE   DISPOSTION  OF  NATURAL 

precipitation.     Amer.  Soc.  Agron.  Jour.  29:  917-923,  illus. 


(60)  Indiana  Agricultural  Experiment  Station.  (AB) 

1890.  investigations  undertaken,     condition  of  uncompleted  work. 
Ind.  Agr.  Expt.  Sta.  Ann.  Rpt.  (1889)  2:  21-22,  31-33. 

(61)  Huston,  H.  A.,  and  Goss,  A.  (C) 

1890.    THE     ABSORPTIVE     POWER     OF     SOILS.       ADSORPTION     EXERCISED     BY 

SOIL  ON  PURDUE  UNIVERSITY  farm.      Ind.  Agr.   Expt.  Sta.   Bul. 
33:  50-54. 


36  MISC.    PUBLICATION    3  7  2,    U.    S.   DEPT.    OF   AGRICULTURE 

(62)  Wiley,  H.  W.  (AE) 

1894.    PRINCIPLES    AND    PRACTICE    OP  AGRICULTURAL    ANALYSIS.    I    (SOILS). 

606  pp.,  illus.  Easton,  Pa.  See  Lysimetry,  ed.  1,  p.  158;  ed.  2, 
p.  173;  ed.  3,  p.  186  [E];  and  Measurement  of  Percolation 
Through  the  Soil  in  Situ,  ed.  1,  pp.  164-167;  ed.  2,  pp.  176-178; 
ed.  3,  pp.  191-194  [A]. 

IOWA 

(63)  Musgrave,  G.  W.  (E) 

1934.  A  QUANTITATIVE   STUDY   OF   CERTAIN  FACTORS  AFFECTING   SOIL-  AND 

WATER-LOSSES  AS  THE  LOGICAL  BASIS  FOR  DEVELOPING  PRACTICAL 

methods  of  erosion  control.  Natl.  Res.  Council,  Amer. 
Geophys.  Union  Trans.  15  (pt.  2):  515-521.     [Processed.] 

(64)  (E) 

1935.  the  infiltration  capacity  of  soils  in  relation  to  the  control 

of  surface  run-off  and  erosion.  Amer.  Soc.  Agron.  Jour. 
27:  336-345,  illus. 

(65)  (ABD) 

1935.  A   DEVICE   FOR   MEASURING   PRECIPITATION  WATERS   LOST   FROM   THE 

SOIL    AS     SURFACE     RUN-OFF,     PERCOLATION,     EVAPORATION,     AND 

transpiration.     Soil  Sci.  40:  391-401,  illus. 

(66)  Ayres,  Q.  C.  (A) 

1936.  soil  erosion  and  its  control.     365  pp.,  illus.     New  York.     See 

Absorption  Range  of  Soils,  pp.  40-42  [A]. 

(67)  Musgrave,  G.  W.,  and  Norton,  R.  A.  (B) 

1937.  SOIL  AND  WATER  CONSERVATION  INVESTIGATIONS  AT  THE  SOIL  CON- 

SERVATION EXPERIMENT  STATION,  MISSOURI  VALLEY  LOESS 
REGION,     CLARINDA,      IOWA,      PROGRESS      REPORT,     1931-35.       U    S. 

Dept.  Agr.  Tech.  Bui.  558,  181  pp.,  illus.  See  Purpose  and  Plan 
of  Experiments,  pp.  14-20,  Lysimeter  Measurements  of  Perco- 
late, Run-off,  and  Erosion,  pp.  37-41;  and  Individual  Run-off 
and  Monthly  Percolation  Records  of  Lysimeters,  pp.  144-158. 

(68)  and  Neal,  O.  R.  (B) 

1937.  rainfall  and  relative  losses  in  various  forms.     Natl.  Res. 

Council,  Amer.  Geophys.  Union  Trans.  18  (pt.  2) :  349-355,  illus. 
[Processed.] 

(69)  Neal,  O.  R.,  Richards,  L.  A.,  and  Russell,  M.  B.  (AB) 

1938.  observations  on  moisture  conditions  in  lysimeters.     Soil  Sci. 

Soc.  Amer.  Proc.  (1937)  2:  35-44,  illus.     [Processed.] 

KENTUCKY 

(70)  Karraker,  P.  E.  (A) 

1934.  an  inexpensive  lysimeter.     Amer.  Soc.  Agron.  Jour.  26:  75,  illus. 

(71)  and  Bortner,  C.  E.  (AC) 

1938.  NITROGEN  LEACHING  IN  SOIL  ON  THE  EXPERIMENT  STATION  FARM  AT 

Lexington.    Soil  Sci.  Soc.  Amer.  Proc,  Chicago,  1937,  2:393-398. 
[Processed.] 
(72) (BC) 

1939.  NITROGEN   REMOVED  BY  DRAINAGE  AND  CROPPING  FROM  LYSIMETERS 

AS  AFFECTED  BY  KIND  OF  VEGETATIVE  COVER.       Com.  Fert.  58   (3)  : 

18-19,  illus. 

MASSACHUSETTS 

(73)  Sturtevant,  E.  L.  (A) 

1876.  waushakum  farm  experiments.     3.     lysimeter.     Sci.  Farmer  1 : 
90. 

(74)  (BC) 

1876.  waushakum  farm  experiments,    lysimeters.     Sci.    Farmer    1: 

125-126,  176. 

(75)  (BD) 

1877.  waushakum  farm  notes,     lysimeters.     Sci.  Farmer  2:  16,  30, 

100. 

(76)  (ABD) 

1878.  WAUSHAKUM  FARM  CONTRIBUTIONS.       LYSIMETERS  OR  DIFFERENTIAL 

RAIN   GAUGES.       A   NEW   LYSIMETER.       ANOTHER  LYSIMETER.       Sci. 

Farmer  3,  Waushakum  Farm  Contributions,  pp.  17-18  [AB]; 
Lysimeters  or  Differential  Rain  Gauges,  pp.  49-50,  illus.  [D]; 
A  New  Lysimeter,  p.  82  [A];  and  Another  Lysimeter,  p.  97  [A]. 


SUEVEY   AND   DISCUSSION    OF   LYSIMETERS  37 

(77)  Sturtevant,  E.  L.  (A) 

1879.  absorptive  power  of  soils,     [lysimeterl     Mass.  Bd.  Agr.  Sec. 
Ann.  Rpt.  (1878)  26:  71-72. 

(78)  (AB) 

1879.    MASSACHUSETTS      AGRICULTURAL      COLLEGE      EXPERIMENT      STATION 

lysimeter.     lysimeter  results.     Sci.  Farmer  4:  59,  101. 

(79)  Stockbridge,  L.  (AB) 

1879.    METHODS  OF  CONSTRUCTING  THE  LYSIMETER.       MaSS.  Agr.  Col.  Ann. 

Rpt.  16:  45-51,  illus. 

(80)  Goessmann,  C.  A.  (C) 

1879.    REPORT    ON    THE    PERCOLATED   WATERS   OF   THE    LYSIMETER.       MaSS. 

Agr.  Col.  Ann.  Rpt.  16:51-54. 

(81)  Storer,  F.  H.  (BD) 

1888-97.    AGRICULTURE  IN  SOME  OF  ITS  RELATIONS  WITH  CHEMISTRY.     Ed. 

[1],  v.  1,  New  York,  1888;  ed.  7,  620  pp.,  1897.  See  Drain 
Gauges,  ed.  [1],  pp.  62-68  [BD];  and  American  Experience,  ed. 
7,  pp.  88-90  [BD]. 

(82)  Anonymous.  (ABD) 

1915.  lysimeter    or    drain    gauge.     In    New    International    Encyclo- 
paedia, ed.  2,  v.  14,  pp.  523-524,  illus.     New  York. 

(83)  Thayer,  C.  H.  (E) 

1936.  stockbridge,  levi.     In  Dictionary  American  Biographies,  v.  18, 
pp.  38-39.     New  York. 

(84)  Edwards,  E.  E.  (E) 

1936.    sturtevant,    edward    lewis.      In    Dictionary    American    Biog- 
raphies, v.  18,  pp.  185-186.     New  York. 

MISSOURI 

(85)  Sanborn,  J.  W.  (AB) 

1889.  a  new  lysimeter.     Soc.  Prom.  Agr.  Sci.  Proc.   10:  54-59,  illus. 

(86)  Miller,  M.  F.,  and  Duley,  F.  L.  (A) 

1917-19.  STUDIES  OF  water  absorption,   percolation,  evaporation, 

CAPILLARY  WATER  MOVEMENT  AND  EROSION  UNDER  FIELD  CONDI- 
TIONS. Mo.  Agr.  Expt.  Sta.  (Ann.  Rpts.  1917,  1918)  Bui. 
151:  58-59;  Bui.  163:  65-66. 

(87)  Duley,  F.  L.  (A) 

1925.  a  movable  lysimeter  for  soil  studies.     Soil  Sci.  20:  465-471, 
illus. 

NEW  JERSEY 

(88)  Joffe,  J.  S.  (A) 

1929.    A    NEW    TYPE    OF    LYSIMETER    AT    THE    NEW    JERSEY    AGRICULTURAL 

experiment  station.     Science  70:  147-148,  illus. 

(89)  (ABD) 

1932.  LYSIMETER  STUDIES  I.     MOISTURE   PERCOLATION  THROUGH  THE   SOIL 

profile.     Soil  Sci.  34 :  123-143,  illus. 

(90)  (BCD) 

1933.  LYSIMETER    STUDIES    II.     THE     MOVEMENT    AND    TRANSLOCATION    OF 

soil  constituents  in  the  soil  profile.  Soil  Sci.  35:  239-257, 
illus. 

(91)  (BCD) 

1933.  lysimeter  studies  hi.     the  movement  and  translocation  of 

nitrogen  and  organic  constituents  in  the  profile  of  a 
podzolic  soil.     Soil  Sci.  35:  401-411. 

(92)  (E) 

1936.  pedology.     575  pp.,   illus.     New  Brunswick,   N.   J.     See  Prairie 

Soils,  Subtypes  and  Transition  Types  of  Soils  in  Podsol  Zone, 
and  The  Yellow  Soils,  pp.  229,  231-232,  301,  413. 

NEW  YORK 

(93)  New     York     State     Agricultural     Experiment     Station.  (AB) 

1883.  lysimeters  or  drain  gauges.     N.  Y.  State  Agr.  Expt.  Sta.  Ann. 

Rpt.  (1882)  1:  14-16. 

(94)  (B) 

1884.  lysimeter.     N.  Y.  State  Agr.  Expt.  Sta.  Ann.  Rpt.   (1883)  2:  31. 

(95)  Babcock,  S.  M.  (BCD) 

1885.  lysimeters.     N.  Y.  State  Agr.  Expt.  Sta.  Ann.  Rpt.  (1884)  3: 

329,  347-350. 


38  MISC.    PUBLICATION    3  7  2,    U.    S.    DEPT.    OF   AGRICULTURE 

(96)  Babcock,  S.  M.  (BC) 

1886-88.  lysimeters.  N.  Y.  State  Agr.  Expt.  Sta.  Ann.  Rpts.  (1885)  4: 
293,  321-325;  (1886)  5:  326-328;  (1887)  6:  389,  393-398. 

(97)  Goff,  E.  S.  (A) 

1888.    EINE     STTTDIE     UBER     DIE     BEWEGUNGEN     DES     BODENWASSER.       EIN 

neues  lysimeter.     Wollny's  Agr.-Phys.  11:  71-72,  illus. 

(98)  (A) 

1888.  a  new  lysimeter.     N.  Y.  State  Agr.  Expt.  Sta.  Ann.  Rpt.  (1887) 

6:  113-114,  illus. 

(99)  (A) 

1889.  DETAILS   OF  THE   CONSTRUCTT^X    OF   NEW  LYSIMETERS.      N.    Y.    State 

Agr.  Expt.  Sta.  Ann.  Rpt.  0888)  7:  187-191,  illus. 

(100)  Ladd,  E.  F.  (BC) 

1889.    AMOUNT    AND    ANALYSIS    OF    DRAINAGE    FROM    EACH    LYSIMETER    FOR 

1888.     N.  Y.  State  Agr.  Expt.  Sta.  Ann.  Rpt.  (1888)  7:  313-314. 

(101)  Emery,  F.  E.,  and  Goff,  E.  S.  (B) 

1891.  report  on  lysimeters  for  1889.  N.  Y.  State  Agr.  Expt.  Sta.  Ann. 
Rpt.  (1890)  9:  352,  390-401. 

(102)  Warington,  R.  (BD) 

1900.    LECTURES    ON    THE    PHYSICAL    PROPERTIES    OF    SOIL.       231    pp.,    illus. 

Oxford,  England.  See  Influence  of  a  Crop  on  Evaporation,  pp. 
122-124. 

(103)  Horton,  R.  E.  (AB) 

1907-11.    GR^EFENBURG  HYDROPHYSICAL  STATION  NEAR  UTICA,  N.  Y.       N.  Y. 

State  Engin.  and  Surveyor  Ann.  Rpts.  Sup.  1906:  215-245,  illus.; 
1907:  518-532; 1910:  552-591. 

(104)  Lyon,  T.  L.  (A) 

1909.    TANKS  FOR  SOIL  INVESTIGATION  AT  CORNELL  UNIVERSITY.       Science 

(n.  s.)  29:  621-623,  illus. 

(105)  New  York  Agricultural  Experiment  Station.  (E) 

1915.  soil  investigations.  N.  Y.  State  Agr.  Expt.  Sta.  Ann.  Rpt. 
(1914)  33:  19. 

(106)  Lyon,  T.  L.,  Fippin,  E.  O.,  and  Buckman,  H.  O.  (ACD) 

1915.  soils,  their  properties  and  management.     764  pp.,  illus.     New 

York.  See  The  Lysimeter  Method  of  Studying  Gravitational 
Water,  pp.  240-241,  illus.  [AD];  Losses  in  Nitrogen  and  Calcium 
Composition  of  Surface  Water,  pp.  372-374  [C]. 

(107)  New  York  State  Agricultural  Experiment  Station.  (E) 

1916.  INVESTIGATIONS  GUIDE  TO  BUILDINGS   AND  GROUNDS.  N.    Y.    State 

Agr.  Expt.  Sta.  Ann.  Rpt.  (1915)  34:  25,  973. 

(108)  Barker,  J.  F.  (A) 

1917-18.    FACILITIES  FOR    LYSIMETER    AND    OUTDOOR    POT    CULTURE    WORK 

at  the  station.  N.  Y.  State  Agr.  Expt.  Sta.  Tech.  Bui.  61, 
10  pp.,  illus.     Reprinted  in  Ann.  Rpt.  (1917)  36:  47-54,  illus. 

(109)  Lyon,  T.  L.,  and  Bizzell,  J.  A.  (ABCD) 

1918.  LYSIMETER   EXPERIMENTS.       RECORDS     FOR    TANKS    1    TO    13     DURING 

the  years  1910-1914,  inclusive.  N.  Y.  (Cornell)  Agr.  Expt. 
Sta.   Mem.  12,  115  pp.,  illus. 

(110)  New  York  State  Agricultural  Experiment  Station.  (E) 

1919.  RESULTS  OF  STATIONS    WORK    IN   1918.       LYSIMETER   WORK.       LABORA- 

TORY work.  N.  Y.  State  Agr.  Expt.  Sta.  Ann.  Rpt.  (1918) 
37:  11-12. 

(111)  Hedrick,  U.  P.  (A) 

1919.  sturtevant's  notes  on  edible  plants.  N.  Y.  State  Dept.  Agr. 
Ann.  Rpt.    27  (pt.  2) :  4. 

(112)  Lyon,  T.  L.,  and  Bizzell,  J.  A.  (BC) 

1921.  LYSIMETER  EXPERIMENTS  II.       RECORDS  FOR  TANKS    13   TO   16    DURING 

the  years  1913  to  1917  inclusive.  N.  Y.  (Cornell)  Agr.  Expt. 
Sta.  Mem.  41:  45-93. 

(113)  New  York  State  Agricultural  Experiment  Station.  (E) 

1922-31.  lysimeter  investigations.  N.  Y.  State  Agr.  Expt.  Sta.  Ann. 
Rpts.  (1921)  40:  17;  (1923)  42:  25;  (1924)  43:  20;  (1926)  45:  16- 
17;  (1927)  46:  22;  (1929)  48:  24;  (1930)  49:  25,  80. 

(114)  Bizzell,  J.  A.  (C) 

1922.  DISAPPEARANCE  OF  NITRATES  FROM  SOIL  UNDER  TIMOTHY.       NITRATES 

removed  by  leaching.     Amer.  Soc.  Agron.  Jour.  14:  324-325. 


SURVEY   AND    DISCUSSION    OF    LYSIMETERS  39 

(115)  Lyon,  T.  Lyttleton,  and  Buckman,  Harry  O.  (ABCD) 

1923-37.  THE  NATURE  AND  PROPERTIES  OF  SOILS,*  A  COLLEGE  TEXT  OF 

edaphology.  Ed.  1,  588  pp.,  illus.  New  York;  rev.  ed. 
[ed.  2]  428  pp.,  illus.,  1929;  ed.  3,  392  pp.,  illus.,  1937.  See 
Importance  of  the  Study  of  the  Flow  and  Composition  of 
Drainage  Water,  ed.  1,  pp.  178-182  [AD];  Percolation  Losses 
and  their  Control,  ed.  1,  pp.  206-210  [BCD];  Quantities  of 
Nutrients  Removed  by  Drainage  and  Cropping,  Possible 
Exhaustion  of  the  Soil,  ed.  1,  pp.  307-310  [C];  Percolation 
Losses  and  their  Control,  rev.  ed.,  pp.  214-218  [BD];  Methods 
of  Studying  Drainage  Water,  and  Amounts  of  Nutrients  Removed 
from  Soil  by  Drainage,  rev.  ed.,  pp.  249-257  [ACD];  Changes  of 
Lime  in  Soil-Losses,  rev.  ed.,  pp.  289-290  [C];  The  Gravitational 
Water,  ed.  3,  pp.  119-120  [C];  Percolation  Methods  of  Study, 
and  Percolation  Losses  of  Nutrients,  ed.  3,  pp.  146-153,  illus. 
[ABCD];  and  Changes  of  Lime  in  the  Soil  and  the  Subsequent 
-      Losses,  ed.  3,  pp.  266-268  [C]. 

(116)  New  York  State  Agricultural  Experiment  Station.  (C) 

1923-26.  lysimeter    investigations.     N.    Y.    State    Agr.    Expt.    Sta. 
Ann.  Rpts.  (1922)  41:  23;  (1925)  44:  19. 

(117)  Wilson,  B.  D.  (BCD) 

1923.  THE  effect  of  plants  on  the  concentration  of  drainage 

WATER  FROM  THE   CORNELL  LYSIMETERS.       Soil  Sci.    16:  427-432. 

(118)  Bizzell,  J.  A.  (CD) 

1926.  REMOVAL  OF  PLANT  NUTRIENTS  IN  DRAINAGE  WATERS.       Amer.  Soc. 

Agron.  Jour.  18:  130-136. 

(119)  Barrows,  H.  K.  (ABD) 

1927.  water   power   engineering.     734   pp.,    illus.     New    York   and 

London.     See    Measurements  of   Soil    Evaporation,    pp.  91-95. 

(120)  Bizzell,  J.  A.,  and  Lyon,  T.  L.  (ABC) 

1928.  COMPOSITION  OF  DRAINAGE  WATERS  FROM  LYSIMETERS  AT  CORNELL 

university.     1st  Internatl.  Cong.  Soil  Sci.,  Washington,  D.  C, 
1927,  Proc.  and  Papers,  Comn.  2,  v.  2,  pp.  342-349. 

(121)  New  York  State  Agricultural  Experiment  Station.  (CE) 

1929.  lysimeter  investigations.     N.  Y.  State  Agr.  Expt.  Sta.  Ann. 

Rpt.  (1928)  47:  18-19. 

(122)  Collison,  R.  C,  and  Mensching,  J.  E.  (ABCD) 

1930.  LYSIMETER  INVESTIGATIONS  I.   NITROGEN  AND  WATER  RELATIONS  OF 

CROPS    IN    LEGUME    AND    NON-LEGUME    ROTATIONS.       N.    Y.    State 

Agr.  Expt.  Sta.  Tech.  Bui.  166,  90  pp.,  illus. 

(123)  Lyon,  T.  L.,  Bizzell,  J.  A.,  Wilson,  B.  D.,  and  Leland,  E.  W.  (BC) 

1930.    LYSIMETER    EXPERIMENTS    III.    RECORD    FOR   TANKS   3  TO    12   DURING 

the  years  1910  to  1924  inclusive.     N.  Y.  (Cornell)  Agr.  Expt. 
Sta.  Mem.  134,  72  pp. 

(124)  New  York  State  Agricultural  Experiment  Station.  (C) 

1932.    NITROGEN    AND    WATER    RELATIONS    IN    LEGUME    AND    NON-LEGUME 

crop  rotations.     N.  Y.  State  Agr.  Expt.  Sta.  Ann.  Rpt.  (1931) 
50:  74. 

(125)  Collison,  R.  C,  and  Mensching,  J.  E.  (CD) 

1932.  lysimeter   investigations   ii.    composition    of   rainwater   at 

GENEVA,  N.  Y.,  FOR  A  10  YEAR  PERIOD.       N.    Y.   State    Agr.    Expt. 

Sta.  Tech.  Bui.  193,  19  pp. 

(126)  New  York  State  Agricultural  Experiment  Station.  (C) 

1933.  NEW   METHODS  FOR  STUDYING   ORCHARD   SOILS:    MINERAL   RELATIONS 

IN  LEGUME  AND  NON-LEGUME  ROTATIONS.       N.  Y.  State  Agr.  Expt. 

Sta.  Ann.  Rpt.  (1932)  51:  86-87,  89. 

(127)  Lyon,  T.  L.,  and  Bizzell,  J.  A.  (AC) 

1933.    LYSIMETER  EXPERIMENTS  WITH  SULPHATE  OF  AMMONIA  AND  NITRATE 

of  soda.     Jour.  Agr.  Res.  47:  53-63. 

(128)  Collison,  R.  C,  Beattie,  H.  G.,  and  Harlan,  J.  D.  (BC) 

1933.  lysimeter  investigations  hi.  mineral  and  water   relations 

and  final  nitrogen  balance   in   legume    and   non-legume 

CROP   ROTATIONS   FOR  A   PERIOD   OF   16   YEARS.       N.    Y.    State    Agr. 

Expt.  Sta.  Tech.  Bui.  212,  81  pp.  illus. 

(129)  New  York  State  Agricultural  Experiment  Station.  (E) 

1934.  tree  nutrition.     N.  Y.  State  Agr.  Expt.  Sta.  Ann.   Rpt.  (1933) 

52:  82. 


40  MISC.    PUBLICATION    3  7  2,    U.    S.    DEPT.    OF    AGRICULTURE 

(130)  New  York  State  Agricultural  Experiment  Station.  (E) 

1935.  LYSIMETERS  SHOW  MANY  FUNDAMENTAL  SOIL  RELATIONS.  TREE 
RESPONSES  STUDIED  BY  LYSIMETER   METHODS.       N.    Y.    State    Agr. 

Expt.  Sta.  Ann.  Rpt.  (1934)  53:  60-61. 

(131)  Collison,  R.  C.  (ABC) 

1935.  LYSIMETER   INVESTIGATIONS    IV.    WATER   MOVEMENT,    SOIL   TEMPERA- 

TURES,   AND    ROOT    ACTIVITY    UNDER    APPLE    TREES.       N.    Y.    State 

Agr.  Expt.  Sta.  Tech.  Bui.  237,  31  pp. 

(132)  New  York  State  Agricultural  Experiment  Station.  (C) 

1936.  LYSIMETER    INVESTIGATIONS    WITH   TWO    TYPES    OF    EQUIPMENT.       N. 

Y.  State  Agr.  Expt.  Sta.  Ann.  Rpt.  (1935)  54:  16,  78. 

(133)  Lyon,  T.  L.,  and  Bizzell,  J.  A.  (BC) 

1936.  LYSIMETER  EXPERIMENTS  IV.   RECORDS  FOE    TANKS    17    TO    20    DURING 

THE    YEARS    1922   TO    1933,   AND    FOR    TANKS    13    TO    16    DURING    THE 

years  1913  to  1928.     N.  Y.  (Cornell)   Agr.  Expt.  Sta.   Mem.   194, 
59  pp. 

(134)  New  York  State  Agricultural  Experiment  Station.  (E) 

1937.  NUTRIENT   AND    SOIL   MOISTURE    STUDIES   WITH   LYSIMETERS.       N.    Y. 

State  Agr.  Expt.  Sta.  Ann.  Rpt.  (1936)  55:  67-68. 

(135)  (E) 

1938.  RENEWED    INTEREST    IN   THE    USE  OF  POTASH    IN    ORCHARDS:    WATER, 

NUTRIENT,  AND    CULTURAL  RELATIONS  OF  APPLE  TREES  AND  ROOT 

studies.     N.  Y.  State  Agr.  Expt.  Sta.  Ann.  Rpt.    (1937)    56: 
67-68. 

(136)  Utz,  E.  J.  (CD) 

1938.    THE   NATURE   AND   EXTENT   OF   SOIL  LOSSES.       SOIL  LOSSES   THROUGH 

leaching.     U.  S.  Dept.  Agr.  Yearbook  (Soils  and  Men)  1938:  87. 

NORTH    CAROLINA 

(137)  Bartel,  F.  O.,  and  Slater,  C.  S.  (B) 

1938.  PROGRESS  REPORT  OF  THE  CENTRAL  PIEDMONT  SOIL  AND  WATER 
CONSERVATION  EXPERIMENT  STATION,  STATESVILLE,  N.  C.  1930-1935: 
EQUIPMENT      AND      METHODS      OF      INVESTIGATIONS;      LYSIMETERS,' 

lysimeter  studies.      U.  S.  Soil  Conserv.  Serv.  ESR-6:  30,  46. 
[Mimeographed.] 

OHIO 

(138)  Garstka,  W.  U.  (A) 

1937.  IN-PLACE  LYSIMETERS  NEAR  COSHOCTON,  OHIO.       U.  S.  Soil  Conserv. 

Serv.,  Soil  Conserv.  3:  91-92,  illus. 

(139)  (A) 

1938.  DESIGN      OF      THE      AUTOMATIC      RECORDING      IN-PLACE      LYSIMETERS 

near  coshocton,  ohio.     Soil  Sci.  Soc.  Amer.  Proc.   (1937)     2: 
555-559,  illus.     [Processed.] 

(140)  Riesbol,  H.  S.,  and  Sherman,  G.  L.  (A) 

1938.    WATERCYCLE    LYSIMETERS    FOR    WATERSHED    STUDIES.       Agr.    Engill. 

19:123-128,  illus. 

OREGON 

(141)  Dean,  H.  K.  (AB) 

1917.  THE  WORK  OF  THE  UMATILLA  RECLAMATION  PROJECT  EXPERIMENT 
FARM    IN    1915    AND  1916:     LYSIMETER  INVESTIGATIONS.       U.   S.   Bur. 

Plant  Indus.,  West.  Irrig.  Assoc.  Cir.  17:  14-16. 

(142)  (AB) 

1919.  THE    WORK    OF    THE    UMATILIA    RECLAMATION    PROJECT    EXPERIMENT 

FARM     IN    1917:     LYSIMETER    INVESTIGATIONS.       U.     S.     Bur.     Plant 

Indus.,  West.  Irrig.  Assoc.  Cir.  26:  18-20. 

(143)  (ABC) 

1920.  THE    WORK    OF   THE    UMATILLA    RECLAMATION    PROJECT    EXPERIMENT 

FARM  IN  1918  AND  1919:  LYSIMETER    INVESTIGATIONS.       U.    S.    Dept. 

Agr.  Dept.  Cir.  110:  19-21,  illus. 

(144)  (BC) 

1925.  WORK  OF  THE  UMATILLA  RECLAMATION  PROJECT  EXPERIMENT  FARM 
IN    1920,  1921,  AND   1922:    LYSIMETER   INVESTIGATIONS.       U.    S.    Dept. 

Agr.  Dept.  Cir.  342:  21-22. 


SUKVEY   AND   DISCUSSION    OF   LYSIMETERS  41 

(145)  Dean,  H.  K.  (AB) 

1927.    WORK    OF    THE    UMATILLA    FIELD     STATION     IN     1923,    1924,    AND     1925: 

lysimeter  investigations.  U.  S.  Dept.  Agr.  Dept.  Cir.  422: 
14-15. 

(146)  Higby,  W.  M.  (CD) 

1927.  lysimeter  studies.     Soil  Sci.  24:  51-56. 

PUERTO    RICO 

(147)  Hendrickson,  H.  C.  (C) 

1929.  citrus  investigations:  pot  and  lysimeter  experiments. 
Puerto  Rico  Agr.  Expt.  Sta.  Ann.  Rpt.  1928:  28-29. 

SOUTH    CAROLINA 

(148)  Adams,  J.  E.  (A) 

1933.  GREEN  MANURING  AND  FERTILIZER  STUDIES  IN  LYSIMETERS.       S.   C. 

Agr.  Expt.  Sta.  Ann.  Rpt.  46:  154-156,  illus. 

(149)  (AC) 

1934.  SOIL    FERTILITY    STUDIES:    GREEN   MANURING  AND  FERTILIZER  STUD- 

IES in  lysimeters.  S.  C.  Agr.  Expt.  Sta.  Ann.  Rpt.  47:  128- 
130. 

(150)  McKaig,  N.,  Jr.  (BC) 

1935.  soil  fertility  studies:  lysimeter  investigations.     S.  C.  Agr. 

Expt.  Sta.  Ann.  Rpt.  48: 130-131. 

(151)  and  Roller,  E.  M.  (BC) 

1936-37.    SOIL    FERTILITY    STUDIES:     LYSIMETER    INVESTIGATIONS.       S.     C. 

Agr.  Expt.  Sta.  Ann.  Rpts.  49:  115-119;  50:  130-135.  illus. 
(151a)  and  Roller,  E.  M.  (AC) 

1939.  THE  EFFECTS  OF  ORGANIC  MATTER  ADDED  TO  LYSIMETERS  CONTAIN- 
ING Norfolk  coarse  sand.  Soil  Sci.  Soc.  Amer.  Proc.  (1938) 
3: 195-204,  illus.     [Processed.] 

TENNESSEE 

(152)  Mooers,  C.  A.,  and  MacIntire,  W.  H.  (A) 

1915.  TWO  equipments  for  investigation  of  soil  leachings.  a  pit 
equipment,  a  hillside  equipment.  Tenn.  Agr.  Expt.  Sta. 
Bui.  Ill,  8  pp.,  illus. 

(153)  (AC) 

1917.    A    COMPARATIVE    STUDY    OF    THE    NITROGEN    ECONOMY    OF    CERTAIN 

Tennessee  soils.  Tenn.  Agr.  Expt.  Sta.  Bui.  118:  127-187, 
illus. 

(154)  MacIntire,  W.  H.,  Willis,  L.  G.,  and  Holding,  W.  A.  (C) 

1917.  the  divergent  effects  of  lime  and  magnesia  upon  the  con- 
servation of  soil  sulfur.     Soil  Sci.  4:  231-237,  illus. 

(155)  Mooers,  C.  A.  (AE) 

1919.  adams  fund  projects.  Tenn.  Agr.  Expt.  Sta.  Ann.  Rpt.  (1918) 
31:  10-12. 

(156)  MacIntire,  W.  H.  (ACD) 

1919.    THE  CARBONATION  OF  BURNT  LIME  IN  SOILS.       Soil  Sci.   7'.  325-453, 

illus. 

(157)  (CD) 

1919.  THE  LIBERATION  OF  NATIVE  SOIL  POTASSIUM  INDUCED  BY  DIFFERENT 
CALCIC   AND   MAGNESIC   MATERIALS,    AS  MEASURED   BY   LYSIMETER 

leachings.     Soil  Sci.  8:  337-395,  illus. 

(158)  and  Mooers,  C.  A.  (A) 

1921.  a  pitless  lysimeter  equipment.     Soil  Sci.  11:  207-213,  illus. 

(159)  and  Young,  J.  B.  (C) 

1923.  SULFUR,  calcium,  magnesium,  and  potassium  content  and  re- 
action OF  RAINFALL  AT  DIFFERENT  POINTS  IN  TENNESSEE.       Soil 

Sci.  15:  205-227. 

(160)  Shaw,  W.  M.,  and  Young,  J.  B.  (BCD) 

1923.  THE   influence   of   calcic   AND   MAGNESIC   additions   upon  the 

OUTGO  OF  SULFATES  FROM  A  LOAM  SOIL  AS  MEASURED  BY  LYSIME- 
TER leachings  over  an  8-year  period.  Soil  Sci,  16:  1-40; 
illus. 


42  MISC.    PUBLICATION    3  7  2,    U.    Si    DEPT.    OF   AGRICULTURE 

(161)  MacIntihe,  W.  H.,  Shaw,  W.  M.,  and  Young,  J.  B.  (BC) 

1923.  INFLUENCE  OF  CALCIC  AND  MAGNESIC  TREATMENTS  UPON  THE  SUL- 
FATE LEACHINGS  FROM  SOIL  ALONE  AND  WITH  ADDITIONS  OF  FER- 
ROUS sulfate,  pyrite  and  sulfur.     Soil  Sci.  16:  159-182,  illus. 

(162)  Shaw,  W.  M.,  and  Young,  J.  B.  (ACD) 

1923.  A  FIVE  year  lysimeter  study  of  the  supposed  liberation  of 

SOIL  POTASSIUM   BY   CALCIC   AND   MAGNESIC    ADDITIONS.       Soil   Sci. 

16:  217-223,  illus. 

(163)  Shaw,  W.  M.,  and  Young,  J.  B.  (C) 

1923.    THE  VARIANT   ROLES   OF   SOIL   AND   SUBSOIL   IN    CALCIUM-MAGNESIUM 

interchange.     Soil  Sci.  16:  321-341. 

(164)  Shaw,  W.  M.,  and  Young,  J.  B.  (C) 

1923.  RECIPROCAL   REPRESSION   EXERTED    BY    CALCIC   AND   MAGNESIC   ADDI- 

TIONS  UPON   THE    SOLUBILITY    OF   NATIVE    MATERIALS    IN   SURFACE 

soil.     Soil  Sci.  16:  449-464. 

(165)  and  Shaw,  W.  M.  (CD) 

1924.  THE    EFFECT    OF    SOIL    SUSPENSIONS    UPON    THE    SOLUBILITY    OF    THE 

SULFATE    RADICAL    IN    THE    SYSTEM,    Ca(OH)2-CaS04-H20.       Soil 

Sci.  17:  65-89. 

(166)  and  Y^oung,  J.  B.  (CD) 

1925.  NITRATE  LEACHINGS  AS  INFLUENCED  BY  CALCIC  AND  MAGNESIC  ADDI- 

TIONS,    WITH     AND     WITHOUT     SULFUR     CARRIERS.       Soil     Sti.      19: 

309-323,  illus. 

(167)  and  Shaw,  W.  M.  (ACD) 

1925.  THE    DISINTEGRATION    OF    LIMESTONE    AND    DOLOMITE    SEPARATES    AS 

INFLUENCED  BY  ZONE  OF  INCORPORATION.       Soil  Sci.  20".  403-417, 

illus. 

(168)  — Shaw,  W.  M.,  Young,  J.  B.,  and  Robinson,  B.  (C) 

1926.  THE    EFFECTS    OF    12-YEAR    RESIDUES    OF    LIME    AND    MAGNESIA    UPON 

THE   OUTGO    OF   SUBSEQUENT   ADDITIONS   OF   POTASH.       AmeT.    SoC. 

Agron.  Jour.  18:  202-215,  illus. 

(169)  (C) 

1926.  INFLUENCE  OF  FORM,  SOIL-ZONE,  AND  FINENESS  OF  LIME  AND  MAG- 
NESIA INCORPORATION  UPON  OUTGO  OF  CALCIUM  AND  MAGNESIUM. 

Soil  Sci.  21:377-391,  iUus. 

(170)  (C) 

1926.    RECIPROCAL    REPRESSION    BY    CALCIC    AND    MAGNESIC    ADDITIONS    IN 

surface  soil.     Amer.  Soc.  Agron.  Jour.  18:  482-497,  illus. 

(171)  (C) 

1926.  INFLUENCE     OF     FORM,     SOIL-ZONE,     AND     FINENESS     OF     LIME     AND 

MAGNESIA     INCORPORATIONS     UPON     OUTGO     OF     SULPHATES     AND 

nitrates.     Soil  Sci.  22:  21-30. 

(172)  Shaw,  W.  M.,  and  Sanders,  K.  B.  (C) 

1927.  THE   INFLUENCE   OF   LIMING   ON   THE   AVAILABILITY   OF   SOIL   POTASH. 

lysimeter  investigations.     Amer.  Soc.  Agron.  Jour.  19:  490- 
505,  illus. 

(173)  Mooers,  C.  A.,  MacIntire,  W.  H.,  and  Young,  J.  B.  (ABC) 

1927.  THE  RECOVERY  OF  SOIL  NITROGEN  UNDER  VARIOUS  CONDITIONS  AS 
MEASURED    BY    LYSIMETERS    OF    DIFFERENT    DEPTHS.       Tenn.    Agr. 

Expt.  Sta.  Bui.  138,  30  pp.,  illus. 

(174)  MacIntire,  W.  H.  (CD) 

1927.  THE  FATE   OF  FRACTIONAL  INCORPORATIONS   OF  BURNT  LIME  IN  TWO 

soil  zones.     Soil  Sci.  24:  475-485,  illus. 

(175)  and  Shaw,  W.  M.  (E) 

1928.  the  absorption  of  Ca(OH)2-CaS04  BY  soil  as  a  possible  index  TO 

collodial  alumina  and  silica.     1st  Internatl.  Cong.  Soil  Sci. 

Washington,  D.  C.  1927,  Comn.  2,  Proc.  and  Papers,  v.  2,  pp. 
279-313,  illus. 

(176)  —  (AE) 

1928.  president's    address:  the    role    of    the    lysimeter    in    soil 

chemistry  research.     Assoc.  Off.  Agr.  Chem.  Jour.  11:  16-26, 
illus. 

(177)  and  Sanders,  K.  B.  (C) 

1929.  the  relation  between  the  absorbed  and  the  exchangeable 

calcium  and  magnesium  content  of  a  soil  four  years  after 
additions.     Soil  Sci.  28:  289-304. 


SURVEY   AND   DISCUSSION    OF   LYSIMETERS  43 

(178)  Lyon,  T.  Lyttleton,  and  Buckman,  Harry  O.  (CD) 

1929.  THE  NATURE  AND  PROPERTIES  OF  SOILS;  A  COLLEGE  TEXT  OF  EDA- 
PHOLOGY. Rev.  ed.,  428  pp.,  illus.  New  York.  See  Amount 
of  Nutrients  Removed  from  Soil  by  Drainage,  pp.  251-255. 

(179)  Mooers,  C.  A.,  and  MacIntire,  W.  H.  (D) 

1929.  AN  issue  raised  in  "a  new  type   of  lysimeter  at  the  new 

jersey  agricultural  experiment  station."     Science  70:  611— 
612. 

(180)  MacIntire,  W.  H.,  and  Shaw,  W.  M.  (C) 

1930.  lime-magnesia  ratios  in  dolomitic  limestones  as  influencing 

solution  and  soil  reactions.     Amer.   Soc.   Agron.   Jour.   22: 
14-27. 

(181)  and  Sanders,  K.  B.  (AC) 

1930.    THE    FIXATION    OF    THE    POTASH    OF    A    GREEN    MANURE    BY    LIMING 

materials.     Soil  Sci.  29:  109-117,  illus. 

(182)  Shaw,  W.  M.,  and  Young,  J.  B.  (C) 

1930.  the  repressive  effects  of  lime  and  magnesia  upon  soil  and 

subsoil  potash.     Jour.  Agr.  Sci.  [England]  20:  499-510. 

(183)  and  Shaw,  W.  M.  (C) 

1930.  NORMAL  MAGNESIUM  CARBONATE  IN  COMPARISON  WITH  "LIGHT" 
AND    "HEAVY"    OXIDES    AND    CARBONATES    IN    THE    SOIL.       Amer. 

Soc.  Agron.  Jour.  22:  919-934,  illus. 

(184)  Shaw,  W.  M.,  and  Young,  J.  B.  (C) 

1930.    THE  OXIDATION  OF  PYRITE  AND  SULFUR  AS  INFLUENCED  BY  LIME  AND 

magnesia:    a  12-year  lysimeter  study.     Soil  Sci.  30:  443-457, 
illus. 

(185)  Russell,  E.  J.  (E) 

1932.  SOIL     CONDITIONS     AND     PLANT     GROWTH.       Ed.     6,     636     pp.,     illus. 

London,    New   York   [etc.]     See   Calcium   Oxide   and    Calcium 
Carbonate,  pp.  233-234. 

(186)  MacIntire,  W.  H.  (E) 

1933.  chemistry:  soil  chemistry.     Tenn.  Agr.  Expt.  Sta.  Ann.  Rpt. 

(1932)  45:  26-29. 

(187)  Sanders,  K.  B.,  and  Shaw,  W.  M.  (BC) 

1933.  THE  AVAILABILITY  OF  HYDRATED  LIME,  LIMESTONE,  AND  DOLOMITE 
OF  TWO  DEGREES  OF  FINENESS,  WITH  SUPPLEMENTS  OF  RED  CLOVER 
HAY,      AS     MEASURED     BY     LYSIMETER     LEACHINGS.       Amer.      SoC. 

Agron.  Jour.  25:  285-297,  illus. 

(188)  Mooers,  C.  A.,  and  Young,  J.  B.  (C) 

1933.  THE  EFFECTS  OF  ADDITIONS  OF  CERTAIN  COLORADO  SOILS  UPON  THE 
NITROGEN  BALANCE  OF  A  TENNESSEE  SOIL.       Soil  Sci.  36:    361-368, 

illus. 

(189)  Shaw.  W.  M.,  Robinson,  B.,  and  Sanders,  K.  B.  (C) 

1933.  THE  EFFECTS  OF  ADDITIONS  OF  CERTAIN  COLORADO  SOILS  UPON  THE 

OUTGO  OF  BASES,  CHLORIDES,  AND  SULFATES  FROM  A  TENNESSEE 

soil.    Soil  Sci.  36:  435-446. 

(190)  Shaw,  W.  M.,  and  Robinson,  B.  (C) 

1934.  THE    DISTINCTION    BETWEEN    MAGNESIUM   ABSORBED    AND    THAT    EX- 

CHANGEABLE, FOUR  YEARS  AFTER  LYSIMETER  INCORPORATIONS  OF 

oxides  and  carbonates.    Soil  Sci.  37:  289-303,  illus. 

(191)  Ellett,  W.  B.,  Shaw,  W.  M.,  and  Hill,  H.  H.  (ABCD) 

1934.  THE  conservation  of  burnt  lime,   limestone,   dolomite  and 

CALCIUM    SILICATE    IN    SOIL    AS    INFLUENCED    BY    METHODS    OF    IN- 
CORPORATION.    Tenn.  Agr.  Expt.  Sta.  Bui.  152,  52  pp.,  illus. 

(192)  Shaw,  W.  M.,  and  Robinson,  B.  (BC) 

1938.  THE  LEACHING  ACTION  OF  RAINWATER  UPON  DOLOMITE  AND  LIME- 
STONE    SEPARATES     INCORPORATED     WITH     QUARTZ     IN     OUTDOOR 

lysimeters.    Soil  Sci.  46:  9-19. 

(193)  Shaw,  W.  M.,  Young,  J.  B.,  and  Robinson,  B.  (B) 

1938.  behavior  of  calcium,  magnesium,  and  potassium  sulfates,  as 

influenced    by    limestone    and  by  dolomite a  lysimeter 

study.    Soil  Sci.  46:  229-247,  illus. 


44  MISC.    PUBLICATION    3  72,   U.    S.   DEPT.    OF   AGRICULTURE 

TEXAS 

(194)  Fraps,  G.  S.  (ABC) 

1915.    LOSSES  OF  MOISTURE  AND   PLANT  FOOD  BY  PERCOLATION.      Tex.  Agr. 

Expt.  Sta.  Bui.  171,  51  pp.,  illus. 

(195)  American  Geophysical  Union,  Hydrology  Committee.  (E) 

1933.  list  of  agencies  in  the  united  states  carrying  on  work  in 

the  field  covered  by  the  committee  on  absorption  and 
transpiration,  with  brief  information  regarding  their 
work  and  publications.  [united  states  geological  survey, 
department  of  interior].  Natl.  Res.  Council,  Amer.  Geophys. 
Union  Trans.  14:  356.    [Processed.] 

(196)  Deeter,  E.  B.,  and  Hopkins,  P.  L.  (B) 

1938.  progress  report  of  the  blackland  soil  and  water  conserva- 
tion EXPERIMENT  STATION,  TEMPLE,  TEXAS,  1931-1936.  METH- 
ODS of  investigation:  lysimeters;  water  losses  from  lysi- 
meters.  U.  S.  Soil  Conserv.  Serv.  ESR-7:  20,  31-32.  [Mimeo- 
graphed.] 

VIRGINIA 

(197)  Ellett,  W.  B.,  and  Hill,  H.  H.  (A) 

1928.  INVESTIGATIONS    IN    AGRICULTURAL    CHEMISTRY:    THE    LEACHING    OF 

plant  food  through  the  soil.  Va.  Agr.  Expt.  Sta.  Ann.  Rpt. 
1919-27:  26-28. 

(198)  and  Hill,  H.  H.  (ACD) 

1929.  EFFECT    OF    LIME    MATERIALS    ON    THE    OUTGO    OF    SULPHUR    FROM 

hagerstown  silt  loam  soil.    Jour.  Agr.  Res.  38:  697-711. 

(199)  Hill,  H.  H.,  and  Eheart,  J.  F.  (C) 

1931.    GREEN   MANURE   PROJECT.      LYSIMETER   INVESTIGATIONS.       Va.    Agr. 

Expt.  Sta.  Rpt.  1927-31:  21-24. 

(200)  Hill,  H.  H.  (ABC) 

1934.  THE    EFFECTS    OF    MULCHED    AND   TURNED    RYE    IN   THE    GREEN   AND 

MATURE  STAGES  ON  THE  LIBERATION  OF  PLANT  NUTRIENTS  FROM 

a  silt  loam  soil.    Va.  Agr.  Expt.  Sta.  Tech.  Bui.  53,  18  pp. 

(201)  MacIntire,  W.H.,  Ellett,  W.B.,  Shaw,  W.M.,  and  Hill,  H.H.  (ABCD) 

1934.  the  conservation  of  burnt  lime,  limestone,  dolomite  and 
calcium  silicate  in  soil  as  influenced  by  methods  of  in- 
CORPORATION.    Va.  Agr.  Expt.  Sta.  Tech.  Bui.  54,  52  pp.,  illus. 

(202)  Hill,  H.  H.  (ABC) 

1937.  THE  LIBERATION  OF  PLANT  NUTRIENTS  FROM  THE  SOIL  AS  AFFECTED 

by  alfalfa.    Va.  Agr.  Expt.  Sta.  Tech.  Bui.  60,  19  pp.,  illus. 

(203)  Ellett,  W.  B.,  and  Hill,  H.  H.  (ABCD) 

1937.  THE  EFFECTS  OF  CERTAIN  LIME  MATERIALS  ON  THE  LEACHINGS  FROM 

Frederick  silt  loam  soil.  Va.  Agr.  Expt.  Sta.  Tech.  Bui.  61, 
19  pp. 

WASHINGTON 

(204)  Martin,  J.  C.  (E) 

1938.  western  society  of  soil  science,     [lysimetry].     Science    88: 

202-203. 

WISCONSIN 

(205)  Lake  States  Forest  Experiment  Station.  (AB) 

1937.    FOREST   LITTER   AND    GRAVELLY    SOILS EFFECTIVE    CONSERVERS    OF 

water  (la  crosse,  wis.).  U.  S.  Dept.  Agr.,  Lake  States  Forest 
Expt.  Sta.  Tech.  Note  124,  1  p.     [Mimeographed.] 

(206)  Hays,  O.  E.,  and  Palmer,  V.  J.  (A) 

1937.  PROGRESS  REPORT  UPPER  MISSISSIPPI  VALLEY  SOIL  AND  WATER  CON- 

SERVATION   EXPERIMENT    STATION,    LA    CROSSE,    WISCONSIN,    1932- 

1935.  introduction.  U.  S.  Soil  Conserv.  Serv.  ESR-1, 
Illus.     [Mimeographed.]     See    footnote,    p.    2,    and     figure    3. 

(207)  Scholz,  H.  F.  iP.  »    (BD) 

1938.  trials  show  woodland  increases  ground  water  supply.     Wis. 

Agr.  Expt.  Sta.  Ann.  Rpt.  (1937)  54  (Bui.  440) :  89-90. 


SURVEY   AND   DISCUSSION   OF   LYSIMETERS  45 

MISCELLANEOUS 

(208)  Cameron,  F.  K.  (E) 

1912.    THE    ROLE    OF    THE    LYSIMETER    IN    SOIL    SOLUTION    STUDIES.       8th 

Internatl.  Cong.  Appl.  Chem.,  Washington-New  York,  1912, 
Sect.  7  Agr.  Chem.,  Orig.  Commun.  15:  49-50. 

(209)  Wright,  R.  C.  (AC) 

1916.  GROWING  PLANTS  IN  LARGE  CONTAINERS  UNDER  CONTROL  CONDI- 
TIONS.    Amer.  Soc.  Agron.  Jour.  8:  113-116,  illus. 

(210)  American  Society  of  Agronomy.  (A) 

1933.  STANDARDIZATION  OF  FIELD  EXPERIMENTS:  RECOMMENDED  STAND- 
ARDS for  lysimeter  experiments.  Amer.  Soc.  Agron.  Jour. 
25:  807-810, 

GREAT  BRITAIN 

ENGLAND 

(211)  Dalton,  J.  (AB) 

1802.  EXPERIMENTS   and    observations   to   determine   whether  the 

QUANTITY  OF  RAIN  AND  DEW  IS  EQUAL  TO  THE  QUANTITY  OF  WATER 
CARRIED  OFF  BY  THE  RIVERS  AND  RAISED  BY  EVAPORATION,  WITH 

AN  INQUIRY  INTO  THE  ORIGIN  OF  SPRINGS. AN  ESTIMATE  OF  THE 

QUANTITY  OF  WATER  RAISED  BY  EVAPORATION.       Mem.   Lit.   Phil. 

Soc.  (Manchester,  March  1799)  5:  360-372. 

(212) (AB) 

1819.    EVAPORATION.       EVAPORATION  IN  METEOROLOGY,  1796-1798.      In  Rees's 

Cyclopaedia  or  Univ.  Dictionary  of  Arts,  Sci.  and  Lit.  v.  13. 
London. 

(213)  Clutterbuck,  J.  C.  (BE) 

1844.  OBSERVATIONS  ON  THE  PERIODICAL  DRAINAGE  AND  REPLENISHMENT 

OF    THE    SUBTERRANEOUS    RESERVOIR    IN    THE    CHALK    BASIN    OF 

London  Inst.  Civ.  Engin.  Minutes  Proc.  (session  1842)  2:  155- 
158.  [No  reference  made  to  lysimeters.]  Discussion  by  Buck- 
land  and  J.  Dickinson  (session  1842),  pp.  159-162  [BE];  by 
J.  Dickinson  and  J.  C.  Clutterbuck  (session  1843),  pp.  159-162 
[BE]. 

(214)  Parkes,  J.  (ABD) 

1845.  ON  THE  QUANTITY  OF  RAIN  COMPARED  WITH  THE  QUANTITY  OF  WATER 

EVAPORATED     FROM     OR    FILTERED     THROUGH     SOIL;     WITH     SOME 

remarks  on  drainage.  Roy.  Agr.  Soc.  England  Jour.  (1844) 
5:  146-158. 

(215)  Clutterbuck,  J.  C.  (ABE) 

1850.  ON  THE  PERIODICAL  ALTERATIONS,  AND  PROGRESSIVE  PERMANENT 
DEPRESSION,  OF  THE  CHALK  WATER  LEVEL  UNDER  LONDON.       Inst. 

Civ.  Engin.  Minutes  Proc.  (1849)  9:  151-155.  [No  reference 
made  to  lysimeters.]  Discussion  by  Dickinson,  pp.  157-158 
[AB];  by  Homersham,  p.  162  [E]. 

(216)  Barlow,  P.  W.  (ABDE) 

1855.    ON  SOME   PECULIAR  FEATURES   OF  THE   WATER-BEARING    STRATA   OF 

the  London  basin.  Inst.  Civ.  Engin.  Minutes  Proc.  (1854) 
14:  51-52  [AB].  Discussions  by  Hawkshaw,  p.  76  [ABD];  and 
P.  W.  Barlow,  Dickinson,  S.  C.  Homersham,  Evans,  and  Hawk- 
shaw, pp.  80-84,  84-86,  86-88,  illus.     [ABE]. 

(217)  Braithwaite,  F.  (AB) 

1861.  on  the  rise  and  fall  of  the  river  wandle;  its  springs,  tribu- 

taries, and  pollution.  Inst.  Civ.  Engin.  Minutes  Proc. 
20:  191-208.  [No  reference  made  to  lysimeters].  Discussions 
by  J.  Evans,  pp.  219-228  [AB],  and  Hawksley,  pp.  23G--231  [B]. 

(218)  Denton,  J.  B.  (B) 

1862.  ON  the  discharge  from  under-drainage,  and  its  effect  on 

THE     ARTERIAL     CHANNELS     AND     OUTFALLS     ON     THE     COUNTRY. 

Inst.  Civ.  Engin.  Minutes  Proc.  (1861)  21:  48-82.  [No  refer- 
ence made  to  lysimeters.]     Discussion  by  Evans,  pp.  90-92  [B]. 

(219)  Greaves,  C.  (ABDE) 

1876.    ON     EVAPORATION     AND     ON     PERCOLATION      (1851-1873].       Inst.      Civ. 

Engin.  Minutes  Proc.  45:  19-47,  illus.  [AB].  Discussions  by 
Evans,  pp.  51-52  [E];  J.  H.  Gilbert,  pp.  52-53,  59-60  [ABD]; 
Ebermayer,  pp.  53-54,  56-58  [ABD];  Homersham,  pp.  71,  72 
[AB];  R.  Field,  pp.  86-89  [BD];  and  Greaves,  pp.  92-94  [AE]. 


46  MISC.    PUBLICATION    3  72,   U.   S.   DEPT.    OF   AGKICULTUKE 

(220)  Evans,  J.  (AB) 

1876.    ON    THE     PERCOLATION     OF     THE     RAINFALL    ON     ABSORBENT    SOILS. 

Inst.  Civ.  Engin.  Minutes  Proc.  45:  208-216. 

(221)  La wes,  J.  B.,  and  Gilbert,  J.  H.  (AB) 

1880.  OUR  CLIMATE  AND    OUR   WHEAT    CROPS    II.    THE    SEASON    OF   1878-1879, 

AND    THE    EXPERIMENTAL    WHEAT-CROPS    AT    ROTHAMSTED.       Roy. 

Agr.  Soc.  England  Jour.  (2)  16:  195-210.  (Reprint  in  Rotham- 
sted  Expt.  Sta.,  Harpenden,  Mem.  Agr.  Chem.  Physiol.  (1880)  5: 
25-40,  London.     1890.) 

(222)  Gilbert,  J.  H.,  and  Warington,  R.  (ABC) 

1881.  ON    THE    AMOUNT    AND    COMPOSITION    OF    THE    RAIN    AND    DRAINAGE- 

WATERS  collected  at  rothamsted.  Roy.  Agr.  Soc.  England 
Jour.  (2)  17:  241-79,  illus. 

(223)  Gilbert,  J.  H.,  and  Warington,  R.  (ABCD) 

1881.  ON    THE    AMOUNT    AND    COMPOSITION    OF    THE    RAIN    AND    DRAINAGE- 

WATERS  COLLECTED  AT  ROTHAMSTED  PART  II.  THE  AMOUNT  AND 
COMPOSITION      OF     THE      DRAINAGE      WATERS      FROM      UNMANURED 

fallow  land.     Roy.  Agr.  Soc.  England  Jour.  (2)  17:  311-350. 

(224)  Gilbert,  J.  H.,  and  Warington,  R.  (BC) 

1882.  ON    THE    AMOUNT    AND    COMPOSITION    OF    THE    RAIN    AND    DRAINAGE- 

WATERS  COLLECTED  AT  ROTHAMSTED  III.  THE  QUANTITY  OF  NITRO- 
GEN lost  by  drainage.  Roy.  Agr.  Soc.  England  Jour.  (2) 
18:  43-71. 

(225)  — —  Gilbert,  J.  H.,  and  Warington,  R.  (BC) 

1882.   ATMOSPHARE   und   wasser.      ueber   die   menge   und   die   zusam- 

MENSETZUNG    DES    REGEN-UND    DRAINWASSERS    VON    ROTHAMSTED. 

Biedermann's  Zentbl.  f.  Agr.  Chem.  11:  217-226,  654-659. 

(226)  — —  and  Gilbert,  J.  H.  (AD) 

1890.    EFFECTS  OF  THE  DROUGHT  OF    1870     ON    SOME  OF  THE  EXPERIMENTAL 
CROPS  AT   ROTHAMSTED.       RESULTS   RELATING  TO  THE    GROWTH   OF 

barley.  Rothamsted  Expt.  Sta.,  Harpenden,  Mem.  Agr. 
Chem.  Physiol.  (1871)  3:  29-44. 

(227)  Gilbert,  J.  H.  (ABD) 

1890.    ON       RAINFALL,       EVAPORATION      AND       PERCOLATION.       Rothamsted 

Expt.  Sta.,  Harpenden,  Mem.  Agr.  Chem.  Physiol.  (1876)  5, 
13  pp. 

(228)  Lawes,  J.  B.,  Gilbert,  J.  H.,  and  Warington,  R.  (ABC) 

1890.  ON    THE    AMOUNT    AND    COMPOSITION    OF    THE    RAIN    AND    DRAINAGE 

WATERS    COLLECTED    AT    ROTHAMSTED.       Rothamsted    Expt.    Sta., 

Harpenden,  Mem.  Agr.  Chem.  Physiol.  (1882)  5:  1-79,  122-150, 
illus. 

(229)  Harrison,  J.  T.  .  (AB) 

1891.  ON   THE    SUBTERRANEAN    WATER   IN   THE    CHALK-FORMATION    OF   THE 

UPPER   THAMES,    AND    ITS    RELATION    TO    THE    SUPPLY    OF    LONDON. 

Inst.  Civ.  Engin.  Minutes  Proc.  105:  2-25.  [No  reference  to 
lysimeters.]  Discussion  by  J.  H.  Gilbert,  pp.  31-48  [AB];  by 
J.  Hopkinson,  pp.  48-52  [B]. 

(230)  Hopkinson,  J.  (ABD) 

1892.  WATER     AND     WATER-SUPPLY,     WITH     SPECIAL     REFERENCE     TO     THE 

SUPPLY  OF  LONDON  FROM  THE  CHALK  OF  HERTFORDSHIRE.  Hert- 
fordshire Nat.  Hist.  Soc.  Trans.  (1891)  6:  137-146. 

(231)  Mawley,  E.  (AB) 

1892.    THE    PERCOLATION    OF    RAIN    THROUGH    COMPARATIVELY    LIGHT    AND 

through  comparatively  heavy  soil.  Hertfordshire  Nat.  Hist. 
Soc.  Trans.  (1891)  6:  175-178. 

(232)  Gilbert,  J.  H.  (AB) 

1892.  ATMOSPHARE        UND        WASSER.        BEOBACIITUNGEN       UBER       REGEN, 

sickerwasser  und  verdunstung  in  rothamsted.  [Trans- 
lation by  F.  Seyfert.]  Biedermann's  Zentbl.  f.  Agr.  Chem.  21: 
73-76. 

(233)  Willis,  J.  J.  (BCE) 

1893.  rainfall    and    drainage    at    rothamsted.     Gard.    Chron.    (3) 

14:  392. 

(234)  Bieler,  K.  (ABC) 

1896.  die   rothamsteder    versuche    nach    dem    stande    DES   jahres 

1894      I.       BEOBACHTUNGEN      UBER      REGENFALL      UND      DRAINAGE. 

Landw.  Jahrb.  25:  199-211,  illus. 


SURVEY   AND   DISCUSSION    OF   LYSIMETERS  47 

(235)  Storer,  F.  H.  (ABD) 

1888-97.    AGRICULTURE     IN     SOME     OF    ITS    RELATIONS    WITH    CHEMISTRY. 

Ed.  [1],  v.  1,  New  York,  1888;  ed.  7,  620  pp.  1897.  See  Soak- 
age  of  Rainwater,  and  Drain-Gauges,  ed.  [1],  pp.  61-68  [ABD], 
and  Evaporation  from  Hot  Sand,  Drain-Gauges,  etc.,  ed.  7,  pp. 
81-90    [ABD]. 

(236)  Gilbert,  J.  H.  (AB) 

1899.  OBSERVATIONS     ON     RAINFALL,     PERCOLATION     AND     EVAPORATION; 

WITH    RESULTS     OBTAINED     AT    ROTHAMSTED,     OVER    20     HARVEST 

years,  1870-1  to  1889-90,  inclusive.  Rothamsted  Expt.  Sta., 
Harpenden,  Mem.  Agr.  Chem.  Physiol.  7  Sup.:  1-20. 

(237)  Warington,  R.  (ABD) 

1900.  LECTURES    ON    THE    PHYSICAL    PROPERTIES    OF   THE    SOIL.       231    pp., 

illus.  Oxford.  See  Percolation,  pp.  89-91  [AB];  Evaporation 
from  Bare  Soil,  pp.  109-112  [BD];  and  Relations  of  Soil  to  Water, 
pp.  121-122  [BD]. 

(238)  Scott,  R.  H.  (ABDE) 

1900.  RESULTS  OF  PERCOLATION  EXPERIMENTS  AT  ROTHAMSTED,  SEP- 
TEMBER 1870-august  1899.  Roy.  Met.  Soc.  [London]  Quart. 
Jour.  26:  139-148,  illus.  [AB];  Discussion  by  E.  Mawley,  J. 
Hopkinson,  and  R.  H.  Curtis,  pp.  148-149,  150-151  [BDE]. 

(239)  Miller,  N.  H.  J.  (C) 

1902.  THE  AMOUNTS  OF  NITROGEN,  AS  NITRATES,  AND  CHLORINE  IN  THE 
DRAINAGE  THROUGH  UNCROPPED  AND  UNMANURED  LAND.  [Lon- 
don] Chem.  Soc.  Proc.  18:  89-90. 

(240)  Hall,  A.  D.  (ABE) 

1903-8.  the  soil.  Ed.  1,  286  pp.,  illus.  London.  1903.  Ed.  2, 
1908,  311  pp.,  illus.  See  Percolation,  ed.  1,  pp.  72-76  [BE],  and 
ed.  2,  pp.  75-79  [ABE]. 

(241)  (ABC) 

1905-19.    THE  BOOK  OF  THE  ROTHAMSTED  EXPERIMENTS.       Ed.  [1],  294  pp., 

illus.  London.  1905;  ed.  2,  revised  by  E.  J.  Russell,  332  pp., 
illus.  1919.  See  eds.  [1]  and  2,  Meteorological  Observations,  p. 
15  [A];  Proportion  of  Rainfall  Percolating  through  Bare  Soil, 
pp.  22-23  [AB];  and  The  Nitrates  in  Drainage  Waters,  pp. 
229-230  [BC]. 

(242)  Miller,  N.  H.  J.  (ABC) 

1906.  THE  AMOUNT  AND  COMPOSITION  OF  THE  DRAINAGE  THROUGH  UN- 
MANURED      AND      UNCROPPED      LAND,      BARNFIELD,      ROTHAMSTED. 

Jour.  Agr.  Sci.  [England]  1  (4) :  377-399,  illus.  [Reprint  in  Roth- 
amsted Expt.  Sta.,  Harpenden,  Mem.  Agr.  Sci.  v.  8  (1902-12). 
Harpenden,  1914.] 

(243)  Hall,  A.  D.,  and  Miller,  N.  H.  J.  (BC) 

1906.  THE  EFFECT  OF  PLANT  GROWTH  AND  OF  MANURES  UPON  THE  RE- 
TENTION OF  BASES  BY  THE  SOIL.   LOSS  OF  CALCIUM  CARBONATE 

on  unmanured  land.  Roy.  Soc.  [London],  Proc,  Ser.  B,  77: 
13-17. 

(244)  Luedecke,  C.  (BE) 

1906.  DAS  VERHALTNIS  ZWEISCHEN  DER  MENGE  DES  NIEDERSCHLAGES 
UND   DES   SICKERWASSERS    NACH   ENGLISCHEN    VERSUCHEN.       BreS- 

lau.     Landw.  Inst.  Mitt.  3:  615-646,  illus.     See  Tables  VI-X. 

(245)  Hilgard,  E.  W.  (B) 

1906.  soils.  593  pp.,  illus.  New  York  and  London.  See  Lysimeters, 
p.  227. 

(246)  Russell,  E.  J.  (B) 

1908.  NOTE  ON  AN  APPARENT  SECULAR  CHANGE  IN  THE  ROTHAMSTED  DRAIN 

gauges.     Jour.  Agr.  Sci.  [England]  2:  29-34,  illus. 

(247)  Latham,  B.  (ABDE) 

1909.  PERCOLATION,   EVAPORATION,   AND   CONDENSATION.   Roy.   Met. 

Soc.  [London]  Quart.  Jour.  35:  189-206,  illus.  [AB].  Discussions 
by  W.  Marriott,  p.  207  [BD];  and  J.  E.  Clarke,  F.  C.  Bayard, 
W.  N.  Shaw,  H.  Mellish,  and  J.  Hopkinson,  pp.  208-209,  211 
[DE]. 

(248)  Lyon,  T.  L.,  and  Fippin,  E.  O.  (AB) 

1909.  the  principles  of  soil  management.  531  pp.,  illus.  New  York. 
See  Percolation,  Evaporation,  pp.  191-197,  illus. 


48  MISC.    PUBLICATION    3  7  2,    U.    S.    DEPT.    OF    AGRICULTURE 

(249)  Fraps,  G.  S.  (ABD) 

1913.    PRINCIPLES  OF  AGRICULTURAL  CHEMISTRY.       493  pp.,  illus.       Easton, 

Pa.  See  Capillary  Action,  Losses  of  Water  from  Soil,  Evapora- 
tion, pp.  140-146,  iUus. 

(250)  Lyon,  T.  L.,  Fippin,  E.  O.,  and  Buckman,  H.  O.  (ABD) 

1915.    SOILS  THEIR  PROPERTIES  AND  MANAGEMENT.       764  pp.,   illus.       New 

York.  See  The  Lysimeter  Method  of  Studying  Gravitational 
Water,  pp.  239-242,  illus. 

(251)  Mosier,  J.  G.,  and  Gustafson,  A.  F.  (B) 

1917.  soil  physics  and  management.  442  pp.,  illus.  Philadelphia  and 
London.     See  Lysimeters  or  Drain  Gauges,  pp.  220-221. 

(252)  Russell,  E.  J.,  and  Richards,  E.  H.  (BC) 

1920.  THE  WASHING  OUT  OF  NITRATES  BY  DRAINAGE  WATER  FROM  UN- 
CROPPED  and  unmanured  land.  Jour.  Agr.  Sci.  [England] 
10:22-43,  illus. 

(253)  Lyon,  T.  Lyttleton,  and  Buckman,  Harry  O.  (ABCD) 

1923-37.  THE  NATURE  AND  PROPERTIES  OF  SOILS)  A  COLLEGE  TEXT  OF 

edaphology.  Ed.  [1],  588  pp.,  illus.,  1923;  rev.  ed.  428  pp., 
illus.,  1929;  and  ed.  3,  392  pp.,  illus.,  1937.  New  York.  See 
Percolation  Losses  and  their  Control,  ed.  [1],  pp.  206-210, 
illus.  [BCD];  Evaporation  Losses,  ed.  [1],  pp.  216-218,  illus. 
[B];  Percolation  Losses  and  their  Control,  rev.  ed.,  pp.  214-218 
[BD];  Evaporation  Losses,  rev.  ed.,  pp.  224-226  [B];  Methods 
of  Studying  Drainage  Water,  Amounts  of  Nutrients  Removed 
from  Soil  by  Drainage,  rev.  ed.,  pp.  249-255,  illus.  [CD]; 
Thermal  Movement  of  Soil  Water,  ed.  3,  pp.  126-128  [B];  and 
Percolation-Methods  of  Study,  and  Percolation  Losses  of  Water, 
ed.  3,  pp.  146-156,  illus.  [ABD]. 

(254)  Robinson,  G.  W.,  and  Jones,  J.  O.  (E) 

1927.  losses  of  added  phosphate  by  leaching  from  n.  welsh  soils. 
Jour.  Agr.  Sci.  [England]  17:  94-95. 

(255)  Barrows,  H.  K.  (ABD) 

1927.  water  power  engineering.  734  pp.,  illus.  New  York  and 
London.     See   Measurements   of   Soil   Evaporation,   pp.  91-95. 

(256)  Nicholson,  H.  H.,  and  Pantin,  B.  (AC) 

1929.  THE  leaching  out  of  autumnal  dressings  of  nitrogenous 
fertilizers.     Jour.  Agr.  Sci.  [England]  19:  297-301,  illus. 

(257)  Russell,  E.  J.  (AC) 

1932.  soil  conditions  and  plant  growth.  Ed.  6,  636  pp.,  illus.  Lon- 
don, New  York,  [etc.].  See  The  Effect  of  Soil  Conditions  on  the 
Nature  and  Extent  of  the  Changes  in  the  Nitrogen  Compounds, 
pp.  357-358. 

(258)  Koshal,  R.  S.,  and  Fisher,  R.  A.  (BE) 

1934.    THE    EFFECTS    OF    RAINFALL    AND    TEMPERATURE    ON    PERCOLATION 

through  drain  gauges.  Jour.  Agr.  Sci.  [England]  24:  105-135, 
illus. 

(259)  ROTHAMSTED    EXPERIMENT    STATION.  (A) 

1934.    METEOROLOGICAL        OBSERVATIONS.  RAINFALL        AND        DRAINAGE. 

Rothamsted  Expt.  Sta.,  Harpenden,  Rpt.  1934:  86-87. 

(260)  Keen,  B.  A.  (E) 

1936.  THE    CIRCULATION    OF    WATER   IN   THE    SOIL   BETWEEN   THE    SURFACE 

AND    THE    LEVEL    OF    UNDERGROUND     WATER.       ASSOC.     Intematl. 

d'Hvdrol.  Sci.  VI.  Gen.  Assembly,  Edinburgh,  September  1936, 
22  (pt.  1):  328-331. 

(261)  Rothamsted  Experiment  Station.  (A) 

1937.  METEROLOGICAL  OBSERVATIONS.      RAINFALL   AND   DRAINAGE.       Roth- 

amsted  Expt.  Sta.,  Harpenden,  Rpt.  1937:87. 

(262)  Paterson,  J.  W.  (ABC) 

1938.  SCIENCE  IN  agriculture,  a  discussion  of  scientifc  principles 

in  their  relation  to  farm  practice.  288  pp.,  illus.  London, 
New  York,  [etc.]     See  Drainage  Losses  and  Fertility,  pp.  160-164. 

SCOTLAND 

(263)  Hendrick,  J.  (ABCD) 

1921.    THE     MEASUREMENT    OF     SOIL     DRAINAGE.       WITH    AN     ACCOUNT     OF 

the  craibstone  drain  gauges.  Highland  and  Agr.  Soc.  Scot. 
Trans.     (5)  33:  56-79,  illus. 


SURVEY   AND   DISCUSSION    OF    LYSIMETERS  49 

(264)  North  of  Scotland  College  of  Agriculture.  (ABC) 

1921-22.    THE    LYSIMETERS    OR    DRAINGAUGES.       North    of    Scot.    Col.    Agr. 

Guide  Expts.  Craibstone  1921:  36-39;  1922:  32-33. 

(265)  (BC) 

1923-37.    THE     LYSIMETER    OR    DRAINGAUGE.       North    of     Scot.     Col.     Agr. 

Guide  Expts.  Craibstone,  1923:  33-34;  1924:  32-33;  1925:30-31; 
1926:  25-26;  1927:  26-28; 1928:25-27;  1929:26-28;  1930:28-29; 
1931:27-29;  1932:26-29;  1933:26-28;  1934:31-33;  1935:57, 
63-64;  1936:54,  61-62;  1937:53,  60-61. 

(266)  Hendrick,  J.  (ACD) 

1924.    DRAINAGE  INVESTIGATIONS  AT  ABERDEEN.       Scot  Jour.  Agr.  7:    8-18. 

(267)  Hendrick,  J.,  and  Welsh,  H.  D.  (BC) 

1928.  THE    SUBSTANCES    REMOVED    BY    THE    DRAINAGE    FROM    A    SCOTTISH 

soil.  1st  Internatl.  Cong.  Soil  Sci.,  Washington,  D.  C,  1927, 
Proc.  and  Papers,  Comn.  2,  v.  2,  pp.  358-366. 

(268)  Welsh,  H.  D.  (ABCD) 

1929.  rainfall,  and  the  drainage  from  a  Scottish  soil.     [Gt.  Brit.] 

Min.  Agr.  and  Fisheries  and  Scot.  Dept.  Agr.,  Agr.  and  Met. 
Conf.  Rpt.  1928  (4405):  37-45.     [Mimeographed.] 

(269)  Robinson,  G.  W.  (ABC) 

1929.  LYSIMETER    STUDIES    AT    ABER,    NEAR     BANGOR.       [Gt.    Brit.]       Min. 

Agr.  and  Fisheries  and  Scot.  Dept.  Agr.,  Agr.  and  Met.  Conf. 
Rpt.  1928  (4405) :  47-49.     [Mimeographed.] 

(270)  Lyon,  T.  L.,  and  Buckman,  H.  O.  (CD) 

1929-37.  THE  NATURE  AND  PROPERTIES  OF  SOILS,'  A  COLLEGE  TEXT  ON  EDA- 
PHOLOGY. Rev.  ed.,  428  pp.,  illus.;  ed.  3,  392  pp.,  illus.  New 
York.  See  Amounts  of  Nutrients  Removed  From  Soils  by 
Drainage,  pp.  251-255,  and  Percolation  Losses  of  Nutrients, 
ed.  3,  pp.  151-153. 

(271)  Hendrick,  J.  (BC) 

1930.  A  SOIL  BALANCE  SHEET  FOR  A  ROTATION.       RESULTS  OBTAINED  FROM 

the  craibstone  drain  gauges.  Highland  and  Agr.  Soc  Scot. 
Trans.  (5)  42:  1-27. 

(272)  and  Welsh,  H.  D.  (BC) 

1932.    INTENSIVE    MANURING    OF    GRASSLAND.       RESULTS    OBTAINED    FROM 

the  craibstone  drain  gauges.  Highland  and  Agr.  Soc  Scot. 
Trans.  (5)  44:  86-96. 

(273)  Russell,  E.  J.  (CD) 

1932.  soil    conditions    and    plant    growth.     Ed.    6,    636    pp.,    illus. 

London,  New  York  [etc.].  See  The  Effects  of  Leaching;  Calcium 
and  Hydrogen  Soils;  and  Podsolising,  pp.  250-253  [CD],  and 
Relationship  of  the  Soil  Population  to  Plant  Growth,  pp.  435- 
436  [C]. 

(274)  Hendrick,  J.  (ABCD) 

1933.  lysimeter  studies  at  Aberdeen.     Mezogazdasagi  Kutatasok  6: 

500-509. 

(275)  (E) 

1933.  lysimeter  kiserlotek  aberdeenben.     Mezogazdasagi  Kutatasok 

6:509. 

(276)  and  Welsh,  H.  D.  (B) 

1934.  THE  EFFECT  OF  TREATMENT  ON  THE  COMPOSITION  OF  GRASS:  RESULTS 

from  the  craibstone  drain  gauges.  Highland  and  Agr.  Soc 
Scot.  Trans.  (5)  46:202-223. 

(277)  Robertson,  I.  M.,  and  Stewart,  A.  B.  (CE) 

1935.  THE  EFFECT  OF  THE  LOWER  LAYERS  OF  TYPICAL  SCOTTISH  SOILS  ON 

the  uptake  of  nutrients  by  plants.  3d  Internatl.  Cong. 
Soil  Sci.,  Oxford,  1935,  Comn.  4.  [No  reference  made  to  lysim- 
eters.]     Discussion  by  A.  B.  Stewart,  v.  3,  p.  225. 

(278)  Hendrick,  J.,  and  Welsh,  H.  D.  (ABCE) 

1935.  A  NOTE   ON  THE  NATURE   OF  THE   SUSPENDED   MATTER  IN  DRAINAGE 

WATERS  FROM  THE  CRAIBSTONE  LYSIMETER,  ABERDEEN.  3d  Inter- 
natl. Cong.  Soil  Sci.,  Oxford,  1935,  Trans.  1,  Papers,  Comn.  5: 
293-295  [ABC].  Discussion  by  J.  S.  Joffe  and  J.  Hendrick,  v.  3, 
p.  232  [E]. 

(279)  Comber,  Norman  M.  (CD) 

1936.  AN   INTRODUCTION   TO   THE   SCIENTIFIC   STUDY   OF  THE   SOIL.       Ed.    3, 

206  pp.,  illus.     London.     See  Drainage  Water,  pp.  97-99. 


50  MISC.    PUBLICATION    3  7  2,    U.    S.    DEPT.    OF    AGRICULTURE 

(280)  Hendrick,  J.,  and  Welsh,  H.  D.  (ABC) 

1938.  FURTHER  RESULTS  FROM  THE  CRAIBSTONE  DRAIN  GAUGES.  High- 
land and  Agr.  Soc.  Scot.  Trans.  (5)  50:  184-202. 

(281)  North  of  Scotland  College  of  Agriculture.  (B) 

1938.  the  lysimeters  or  draingauges.  North  of  Scot.  Col.  Agr.  Guide 
Expts.  Craibstone  1938:  52,  59-60. 

(282)  Hendrick,  J.,  and  Welsh,  H.  D.  (AC) 

1938.    THE  COMPOSITION  OF  THE  SUSPENDED  MATTER  IN  THE   DRAINAGE   OF 

the  craibstone  lysimeters.     Internatl.   Soc.  Soil  Sci.  Trans. 
A,  Comn.  2  and  Alkali  Subcomn.  7:  26-30. 

ASIA 

INDIA 

(283)  Hayman,  J.  M.  (ABC) 

1906.  AMOUNT  AND   COMPOSITION   OF  DRAINAGE   WATERS,   RAIN,    DEW,   AND 

CANAL    WATER    COLLECTED    DURING   THE    YEARS    1903-1904,    1904-1905, 

and  1905-1906.     United  Pro  vs.   (Cawnpore)  Agr.  Sta.   Rpt.   1906: 
23-29. 

(284)  Arnott,  M.  H.,  and  Leather,  J.  W.  (AB) 

1907.  the  construction  of  drain  gauges  at  pusa.     India  Dept.  Agr. 

Mem.,  Chem.  Ser.  1:  58-77,  illus. 

(285)  Hayman,  J.  M.  (ABC) 

1908.  EXPERIMENTS      UNDER    NITROGEN    INVESTIGATIONS:      DRAINGAUGE 

AMOUNT     AND     COMPOSITION     OF     DRAINAGE     WATERS     COLLECTED 

during  the  year  1906-1907.     United  Provs.  (Cawnpore)  Agr.  Sta. 
Rpt,  1907:  57-62,  illus. 

(286)  Burt,  B.  C.  (ABC) 

1908-12.  experiments  under  nitrogen  investigations.  drain 
gauge amount  and  composition  of  drainage  waters  col- 
LECTED DURING  THE  YEAR  1907-1908  [AND  1909-1912.]       United   PrOYS. 

(Cawnpore)   Agr.   Sta.   Rpts.   1908:   18-22,  illus.;  1911:   20-26, 
illus.;  1912:  22-26,  illus. 

(287)  Leather,  J.  W.  (AB) 

1909.  drainage.     Agr.  Res.  Inst.  Pusa,  Rpt.  1907-9:  40-41,  illus. 

(288)  Burt,  B.  C,  and  Leather,  J.  W.  (BC) 

1909.    EXPERIMENTS    UNDER    NITROGEN  INVESTIGATIONS.       DRAIN  GAUGE 

AMOUNT     AND     COMPOSITION     OF     DRAINAGE     WATERS     COLLECTED 

during    the    year    1907-1908.  United    Provs.    (Cawnpore)   Agr. 

Sta.  Rpt.   1909:  22-26,  illus.  [1908-9  are   dates   covering  the 
period.] 

(289)  Leather,  J.  W.  (E) 

1910-13.  drainage  data.  Agr.  Res.  Inst.  Pusa,  Rpts.  1909-10:  23; 
1910-11:  27-28;  1911-12:  23-24. 

(290)  (BC) 

1912.  RECORDS  OF  DRAINAGE  IN  INDIA:  DRAIN-GAUGE  RECORDS  AT  CAWN- 
PORE, 1903-1910,  and  at  pusa,  1906-1910.  India  Dept.  Agr.  Mem., 
Chem.  Ser.  2:  63-140,  illus. 

(291)  (E) 

1914.  soil  problems.     Agr.  Res.  Inst.  Pusa,  Rpt.  1912-13:  20. 

(292)  Burt,  B.  C.  (BC) 

1914-15.  drainage  records.  United  Provs.  (Cawnpore)  Agr.  Sta. 
Rpts.  1913:  27-30,  illus.;  1914:  40-42,  illus.;  1915:  29-31. 

(293)  Sen,  J.  (E) 

1916-31.  meteorology  and  draingauges.     Agr.  Res.  Inst.  Pusa,  Rpts. 

1915-16:  12-13;  1919-20:  31;  1924-25:  22;  1928-29:  30;  1929- 
30 .  33 

(294)  Burt,  B.  C."      '  (BC) 

1916.  drain-gauge  crops.  United  Provs.  (Cawnpore)  Agr.  Sta.  Rpts. 
1916:  32-33. 

(295)  Davis,  W.  A.  (E) 

1917.  meteorology  and  draingauges.  Agr.  Res.  Inst.  Pusa,  Sci. 
Rpts.  1916-17:  23. 

(296)  Harrison,  W.  H.  (E) 

1918-28.  meteorology  and  draingauges.  Agr.  Res.  Inst.  Pusa,  Sci. 
Rpts.  1917-18:  24;  1918-19:  36;  1921-22:  24;  1922-23:  23;  1926- 
27:  24;  1927-28:  30. 


SUKVEY   AND   DISCUSSION    OF   LYSIMETERS  51 

(297)  Warth,  F.  J.  (E) 

1921.    METEOROLOGY      AND     DRAINGAUGES.       Agr.      Res.      Inst.      Pusa,      Sti. 

Rpts.  1920-21:  21. 

(298)  Mukerji,  J.  N.  (E) 

1924-36.  meteorology  and  drain  gauges.  Agr.  Res.  Inst.  Pusa,  Sci. 
Rpts.  1923-24:  19;  1925-26:  26;  1931-32:  97;  1932-33:  108; 
1933-34:  111. 

(299)  Batham,  H.  N.  (ABCD) 

1926.  drainage  waters  at  cawnpore.  India  Dept.  Agr.  Mem.,  Chem. 
Ser.  8:  127-152,  illus. 

(300)  Joachim,  A.  W.  R.  (ABCD) 

1928.  THE  RESULTS  of  drainage  and  leaching  trials  at  peradeniya 

during  1927.     Trop.  Agr.  [Ceylon]  70 :  302-3 1 1 ,  illus. 

(301)  (AC) 

1928-29.  REPORT  OP  THE  AGRICULTURAL  CHEMIST  FOR  THE  YEAR  1927 
[AND    1928.]       THE    LEACHING    OF    FERTILIZERS    FROM    CEYLON    SOILS 

under  peradeniya  conditions.  Ceylon  Dept.  Agr.  Tech. 
Rpts.  1927:  3  [A];  1928:  3  [C]. 

(302)  (BC) 

1929.  THE    RESULTS    OF    DRAINAGE    AND    LEACHING   TRIALS    AT    PERADENIYA 

during  1928.     Trop.  Agr.  [Ceylon]  73:  265-271. 

(303)  (ABC) 

1930.  DRAINAGE  AND  LEACHING  TRIALS  AT  PERADENIYA  1927  TO  1930.       Trop. 

Agr.  [Ceylon]  74:  323-330. 

(304)  (C) 

1930.  REPORT  FOR  THE  AGRICULTURAL  CHEMIST  FOR  THE  YEAR  1929. 
LEACHINGS      AND      DRAINAGE      TRIALS      AT      PERADENIYA.       Ceylon 

Dept.  Agr.  Tech.  (Agr.-Chem.)  Rpts.  1929:  4. 

(305)  (E) 

1932.    DRAINAGE       AND       LEACHING       TRIALS       AT       PERADENIYA       1927-1930. 

Internatl.  Soc.  Soil  Sci.,  Groningen,  Netherlands,  1932,  Trans., 
A  (A),  Comn.  6:  133.  (Reprint  of  Summary  and  Conclusions 
from  Tropical  Agriculture,  June  1930). 

(306)  Keen,  B.  A.  (E) 

1932.  meteorology  and  drain  gauges.  Agr.  Res.  Imp.  Inst.  Pusa, 
Sci.  Rpts.  1930-31:  44. 

(307)  Nath,  B.  V.  (E) 

1936.    METEOROLOGY.        DRAINGAUGES       AND       CONTINUOUS      DIFFERENTIAL 

manurial  plots.  Agr.  Res.  Imp.  Inst.  Pusa,  Sci.  Rpts.  1934-35: 
104. 

PALESTINE 

(308)  WlNNIK,   M.  (BCE) 

1935.    TEN    YEARS    OF    LYSIMETER    STUDIES    ON    SOME    SOILS    OF    PALESTINE. 

3d  Internatl.  Cong.  Soil.  Sci.,  Oxford,  1935,  Trans.  1,  Papers 
Comn.  4:  212-214  [BC],  Discussion  by  Hendrick  and  M. 
Winnik  v.  3,  pp.  217-218  [E]. 

FEDERATED  MALAY  STATES 

(309)  Belgrave,  W.  N.  C.  (AC) 

1929.    PERCOLATION    EXPERIMENTS.       I.     NITRIFICATION    AND    THE     EFFECT 

of  cover  plants.     Malayan  Agr.  Jour.  17:  192-205. 


(310)  Katutani,  M.,  and  Hirata,  T.  (B) 

1928.  on  the  melting  snow  and  its  ways.     Natl.  Res.  Council  (Japan), 

Jap.  Astron.  and  Geophysics,  Abs.  Jour.  5  (42) :  13.  [Abstracted 
from  Japanese  in  Jour.  Met.  Relating  to  Forestry  and  Hydrol. 
9:  9-19.     1927.] 

(311)  Hirata,  T.  (E) 

1929.  contributions  to  the  problems  of  the  relation  between  the 

forest  and  water  in  japan.  comparison  of  the  discharge 
of  streams  under  various  kinds  of  surface  conditions  of 
their  drainage  areas.  Imp.  Forestry  Expt.  Sta.  Meguro 
Tokyo,  Contrib.,  p.  23. 


52  MISC.    PUBLICATION    3  7  2,   U.    S.   DEPT.    OP   AGRICULTURE 

(312)  Tamate,  S.,  and  Hirata,  T.  (E) 

1933.  THE  WATER  CONTENTS  OF  SOILS  IN  AND  OUT  OF  FOREST  AND  THEIR 
RELATIONS  TO  CERTAIN  METEOROLOGICAL  ELEMENTS.       Natl.   Res. 

Council  (Japan),  Jap.  Astron.  and  Geophysics  Abs.  Jour.  10 
(72) :  15-16.  [Abstracted  from  Japanese  in  Jour.  Met.  Relating 
to  Forestry  and  Hydrol.     12:  41-80.     1932.] 

(313)  Osugi,  S.  (ACE) 

1935.  LYSIMETER  EXPERIMENTS  WITH  BARLEY,  TEA  AND  RICE.  3d  Inter- 
nal. Cong.  Soil  Sci.,  Oxford,  1935,  Trans.  1,  Papers  Comn.  4: 
205-207  [AC].     Discussion  by  Hendrick  v.  3,  p.  217  [E]. 

EUROPE 

GERMANY    AND    AUSTRIA 

(314)  Fraas,  [C]  (C) 

1857.  von  den  losungen  im  boden.  Landw.  Ver.  in  Bayern,  Miinchen, 
Ergeb.  Landw.  u.  Agr.  Chem.  Vers.  1:  56-80. 

(315)  and  Zoller,  [R.]  (ABC) 

1859.    WEITERE  ERGEBNISSE   DER  VERSUCHE   MIT  LYSIMETERN    (UNTERIRDI- 

schen  regenmessern).  Landw.  Ver.  in  Bayern,  Munchen, 
Ergeb.  Landw.  u.  Agr.  Chem.  Vers.  2:  60-84. 

(316)  Hoffmann,  R.  (ABC) 

1861.    DER    BODEN.    CHEMISCHE    UND    PHYSIKALISCHE    EIGENSCHAFTEN    DES 

bodens  versuche  mit  lysimetern.  Jahresber.  liber  die  Fort- 
schr.  der  Agr.  Chem.  (1859-60)  2:  9-16. 

(317)  Fraas,  [C]  (B) 

1861.    FORTSETZUNG     DER     ANGABEN     DER     LYSIMETER.       Landw.     Ver.     in 

Bayern,  Munchen,  Ergeb.  Landw.  u.  Agr.  Chem.  Vers.  3:  79-82. 

(318)  Zoller,  R.    '  (BC) 

1861.    DIE       CHEMISCHE       UNTERSUCHUNG       DER       LYSIMETER-RUCKSTANDE. 

Landw.  Ver.  in  Bayern,  Munchen,  Ergeb.  Landw.  u.  Agr.  Chem. 
Vers.  3:  82-119. 

(319)  and  Fraas,  [C]  (C) 

1861.  die  anbauversuche.     Landw.  Ver.  in  Bavern,  Munchen,  Ergeb. 

Landw.  u.  Agr.  Chem.  Vers.  3:   119-133. 

(320)  Mollendorff,  G.  (AB) 

1862.  DIE  REGENVERHALTNISSE  DEUTSCHLANDS  UND  DIE  ANWENDBARKEIT 

DER  REGENBEOBACHTUNGEN  BEI  ENT-  UND  BEWASSERUNGEN 
UND      GEWERBLICHEN      ANLAGEN.       VERSUCHE      MIT      APPARATEN. 

Abhandl.  Naturf.  Gesell.  Gorlitz  11:  140-168. 

(321)  Liebig,  J.  von.  (BC) 

1862.  DIE   CHEMIE  IN  IHRER  ANWENDUNG  AUF    AGRICULTUR    UND    PHYSIO- 

LOGIE.       DIE  NATURGESETZE  DES    FELDBAUES.       Ed.    7,    pt.    2,    469 

pp.,  illus.     Braunschweig.     See  Der  Boden,  pp.   94-101   [BC], 

and  Untersuchung  von  Drain-,  Lysimeter-,  Fluss-  und  Moor- 
wasser,  pp.  382-391   [C]. 

(322)  Hoffmann,  R.  (BC) 

1863.  CHEMISCHE      UND      PHYSIKALISCHE      EIGENSCHAFTEN      DES      BODENS. 

Jahresber.  iiber  die  Fortschr.  der  Agr.  Chem.  (1861-62)  4:  1-21. 

(323)  Ebermayer,  E.  (AB) 

1873.  DIE  PHYSIKALISCHEN  EINWIRKUNGEN  DES  WALDES  AUF  LUFT  UND 
BODEN    UND    SEINE    KLIMATOLOGISCHE    UND    HYGIENISCHE    BEDEU- 

tung.  vol.  1,  pt.  2,  Resultate  der  Beobachtungen,  266  pp.,  and 
Atlas,  253  pp.  Berlin.  See  Verhalten  des  Regen-  und  Schnee- 
wassers  zum  Boden,  oder  Einfluss  des  Waldes  und  der  Streudecke 
auf  die  Bodenfeuchtigkeit,  pt.  2,  pp.  215-234  [AB],  and  in  Atlas, 
pp.  230-242  [B]. 

(324)  Greaves,   C.  (ABDE) 

1876.    ON    EVAPORATION    AND    ON    PERCOLATION    [1851-1873].       Inst.     Civ. 

Engin.  Minutes  Proc.  45:  19-47,  illus.  [AB].  Discussions  by 
J.  Evans,  pp.  51-52  [E];  J.  H.  Gilbert,  pp.  52-53,  59-60  [ABD]; 
Ebermayer,  pp.  53-54,  56-58  [ABD];  Homersham,  pp.  71-72 
[AB];  R.  Field,  pp.  86-89  [BD];  and  Greaves,  pp.  92-94  [AE]. 

(325)  Ebermayer,  [E].  (AE) 

1879.    WIE    KANN    MAN    DEN    EINFLUSS    DER    WALDER    AUF    DEN    QUELLEN- 

reichthum  ermitteln?     Forstwiss.  Centbl.  (n.  s.  1)  23:  77-81. 


SURVEY   AND   DISCUSSION   OF   LYSIMETEES  53 

(326)  Wollny,  E.  (DE) 

1881.  HYDROMETEORE.  BEOBACHTUNGEN  UBER  DIE  EINSICKERUNG  UND 
VERDAMPFUNG  DES  BODENWASSERS  SOLLEN  IN  DAS  SYSTEM  DER 
AGRARMETEOROLOGIE  EINBEZOGEN  WERDEN;  DABEI  SIND  JEDOCH 
LYSIMETER  KEINESWEGS  IN  ANWENDUNG  ZU  BRINGEN.       Wollny's 

Forsch.  Agr.-Phys.  4:  292-294,  297,  299-301. 

(327)  Wohltmann,  F.  (ABCD) 

1887.  EIN  BEITRAG  ZUR  PRUFUNG  UND  VERVOLLKOMMNUNG  DER  EXACTEN 

VERSUCHSMETHODE       ZUR       LOSUNG       SCHWEBENDER       PFLANZEN- 

und  bodenkulturfragen.  Halle  Univ.,  Landw.  Inst.  Ber., 
Phys.  Lab.  u.  Versuchsanst.  2  (7):  1-91,  illus. 

(328)  Wollny,  E.  (AB) 

1888.  UNTERSUCHUNGEN    UBER    DEN   EINFLUSS    DER   PFLANZENDECKE    UND 

DER     BESCHATTUNG     AUF     DIE     PHYSIKALISCHEN     EIGENSCHAFTEN 

des  bodens.     Wollny's  Forsch.  Agr.-Phys.  10:  [261]-344,  illus. 

(329)  (AB) 

1888-90.  forstlich-meteorologische     BEOBACHTUNGEN.     die     feuch- 

TIGKEITSVERHALTNISSE       DER       STREUDECKE.       Wollny's      Forsch. 

Agr.-Phys.    10:  428-439  [AB];   13:  134-143   [B]. 

(330)  (ABC) 

1888.  UNTERSUCHUNGEN    UBER    DIE    SICKERWASSERMENGEN   IN   VERSCHIE- 

denen  bodenarten.  Wollny's  Forsch.  Agr.-Phys.  11:  1-68 
[ABC];  13:  1-15  [AB];  19:  212-223  [B]. 

(331)  Ebermayer,  E.  (ABD) 

1889.  INFLUENCE  DE  LA  FORET  ET  DE  LA  CONSISTANCE  DES  PEUPLEMENTS 

SUR   LE    DEGRE    D'HUMIDITE    DU    SOL   ET   SUR   LA    QUANTITE    D'EAU 

infiltree.  Ann.  de  la  Sci.  Agron.  Frang.  et  Etrang.  (1889) 
1 : 424-454. 

(332)  (AB) 

1889.  EINFLUSS  DES  WALDES  UND  DER  BESTANDESDICHTE  AUF  DIE  BODEN- 

FEUCHTIGKEIT   UND   AUF   DIE   SICKERWASSERMENGE.       Allg.    Forst. 

u.  Jagd-Ztg.  65:  1-13. 

(333)  Wollny,  E.  (B) 

1890.  UNTERSUCHUNGEN  UBER  DEN   EINFLUSS   DER  STREUDECKE   AUF  DIE 

ERWARMUNG  UND  DURCHFEUCHTUNG  DES  BODENS.  DIE  SICKER- 
WASSERMENGEN    IN     DEM     STREUBEDECKTEN     BODEN.       Wollny's 

Agr.-Phys.  13:  176-184. 

(334)  —  (B) 

1890.  UNTERSUCHUNGEN    UBER    DAS    VERHALTEN    DER    ATMOSPHARISCHEN 

NIEDERSCHLAGE    ZUR    PFLANZE    UND    ZUM    BODEN.       Wollny's    Agr. 

Phys.  13:  316-356,  illus. 

(335)  Wohltmann.  F.  (BC) 

1891.  EIN  BEITRAG  ZUR  PRUFUNG  UND  VERVOLLKOMMNUNG  DER  EXACTEN 

VERSUCHSMETHODE  ZUR  LOSUNG  SCHWEBENDER  PFLANZEN-  UND 
BODENKULTUR  FRAGEN.  FORTSETZUNG  ENTHALTEND  DIE  VER- 
SUCHSAUSFUHRUNG     UND     RESULTATE     DES      JAHRES      1886.       Halle 

Univ.,  Landw.  Inst.  Ber.,  (Phys.  Lab.  und  Versuchsanst.  1886) 
2  (8) :  21-47. 

(336)  SCHEFFLER,    H.  (E) 

1891.  EIN  BEITRAG  ZUR  PRUFUNG  UND  VERVOLLKOMMNUNG  DER  EXACTEN 
VERSUCHSMETHODE  ZUR  LOSUNG  SCHWEBENDER  PFLANZEN-  UND 
BODENKULTUR  FRAGEN.  FORTSETZUNG  ENTHALTEND  DIE  VER- 
SUCHSAUSFtJHRUNG  UND  RESULTATE  DES  JAHRES  1887.      Halle  Univ., 

Landw.  Inst.  Ber.  (Phys.  Lab.  and  Versuchsanst.  1887)  2  (8):  48-69. 

(337)   (ABCD) 

1891.  DAS  DRAINAGEWASSER  UND  DIE  DURCH  DASSELBE  HERVORGERUFENEN 
VERLUSTE     AN     PFLANZENNAHRSTOFFEN.       Halle     Univ.,     Landw. 

Inst.  Ber.  (Phys.  Lab.  u.  Versuchsanst.  1887)  2  (8) :  69-120,  illus. 

(338)  Wohltmann,  F.  (ABC) 

1891.  EIN  BEITRAG  ZUR  PRUFUNG  UND  VERVOLLKOMMNUNG  DER  EXACTEN 
VERSUCHSMETHODE  ZUR  LOSUNG  SCHWEBENDER  PFLANZEN-  UND 
BODENKULTUR  FRAGEN.  FORTSETZUNG.  ZUSAMMENSTELLUNG  DER 
ERGEBNISSE     DER     VERSUCHSJAHRE     1885,    1886,    1887.       Halle    Univ., 

Landw.  Inst.  Ber.  (Phys.  Lab.  und  Versuchsanst.  1887)  2  (8): 
121-168,  illus. 


54  MISC.   PUBLICATION    3  7  2,   U.    S.   DEPT.    OP   AGRICULTURE 

(339)  Wollnt,  E.  (AB) 

1893.  UNTERSUCHUNGEN  UBER  DEN  EINFLTTSS  DER  MACHTIGKEIT  DES 
BODENS     AUF     DESSEN     FEUCHTIGKEITSVERHALTNISSE.       Wollny's 

Agr.-Phys.  16:  1-14. 

(340)  (AB) 

1893.  UNTERSUCHUNGEN  UBER  DEN  EINFLUSS  DER  STRUKTUR  DES  BODENS 
AUF       DESSEN       FEUCHTIGKEITSVERHALTNISSE.       Wollny's       Agr.- 

Phys.  16:  381-407. 

(341)  —  (AB) 

1895.    UNTERSUCHUNGEN     UBER     DIE     FEUCHTIGKEITSVERHALTNISSE     DER 

bodenarten.     Wollny's  Agr.-Phys.  18:  27-62. 

(342)  (B) 

1895.  UNTERSUCHUNGEN  UBER  DAS  VERHALTEN  DER  ATMOSPHARISCHEN 
NIEDERSCHLAGE  ZUR  PFLANZE  UND  ZUM    BODEN.       Wollny's    Agl*.- 

Phys.  18:  180-204. 

(343)  (AB) 

1895.    UNTERSUCHUNGEN   UBER  DIE   VERDUNSTUNG.       Wollny's   Agr.-Phys. 

18:  486-516. 

(344)  Storer,  F.  H.  (ABD) 

1888-97.    AGRICULTURE    IN    SOME    OF    ITS    RELATIONS    TO    CHEMISTRY.       Ed. 

[1]  v.  1,  New  York  1888;  ed.  7,  v.  1,  1897.  See  Drain-gauges, 
ed.  [1],  pp.  62-68  [BD];  Significance  of  Natural  Mulches  in  Wood- 
land, ed.  [1],  pp.  169-175  [AB];  Drain-Gauges.  The  Bavarian 
Experiments,  ed.  7,  pp.  83-87  [ABD];  and  Wetness  of  the  Soil  in 
Forests,  ed.  7,  pp.  274-279  [AB]. 

(345)  Wollny,  E.  (AB) 

1897.  DIE    ZERSETZUNG    DER    ORGANISCHEN    STOFFE    UND    DIE    HUMUSBIL- 

DUNGEN  MIT  RtJCKSICHT  AUF  DIE   BODENCULTUR.       479  pp.,   illus. 

Heidelberg.  See  Die  Cultur  der  Humusboden,  and  Die  Moor- 
boden,  pp.  368-371  [AB]. 

(346)  Hanamann,  J.  (ABC) 

1898.  lysimeter-versuche.     Ztschr.  f.  das  Landw.  Versuchsw.  Oesterr. 

1:  399-410. 

(347)  Tacke,  Immendorff,  and  Minssen.  (AC) 

1898.  UNTERSUCHUNGEN  UBER  DIE  ZUSAMMENSETZUNG  DER  SICKER- 
WASSER  AUS  NICHTGEDUNGTEM  UND  AUS  GEDUNGTEM  MOORBODEN 
MIT       BESONDERER       BERUCKSICHTIGUNG       DER       STICKSTOFFVER- 

bindungen.     Landw.  Jahrb.  27  (Sup.  4):  349-391. 

(348)  Ebermayer,  E.  (B) 

1900.  EINFLUSS     DER     WALDER     AUF     DIE     BODENFEUCHTIGKEIT,     AUF     DAS 

SICKERWASSER,  AUF  DAS  GRUNDWASSER,  UND  AUF  DIE  ERGIE- 
BIGKEIT  DER  QUELLEN  BEGRUNDET  DURCH  EXAKTE  UNTERSU- 
CHUNGEN.      EIN    BEITRAG    ZU    DEN    NATURGESETZLICHEN     GRUND- 

lagen  des  waldbaues.  51  pp.  Stuttgart.  See  Einfluss  der 
Walder  auf  die  Sickerwassermenge,  pp.  29-34. 

(349)  Hanamann,  J.  (BC) 

1901.  MITTEILUNG     DER     FURSTL.    SCHWARZENBERG'SCHEN      VERSUCHSSTA- 

TION      IN      LOBOSITZ.       LYSIMETERVERSUCHE      DES      JAHRES      1899. 

Ztschr.  f.  das  Landw.  Versuchsw.     Oester.  4:  34-39. 

(350)  Creydt,  H.  O.,  Seelhorst,  [C]  von,  and  Wilms.  (BC) 

1901.  UNTERSUCHUNGEN      UBER      DRAINAGE- WASSER.       J0UT.      f.       Landw. 

49:  251-275. 

(351)  Seelhorst,  C.  von  (A) 

1902.  MITTEILUNGEN    VOM    LANDWIRTSCHAFTLICHEN     VERSUCHFELDE     DER 

UNIVERSITAT     GOTTINGEN.       VEGETATIONSKASTEN     ZUM     STUDIUM 

des  wasserhaushaltes  im  boden.  Jour.  f.  Landw.  50:  277- 
280,  illus. 

(352)  and  Fresenius.  (BC) 

1904.  BEITRAGE   ZUR  LOSUNG  DER  FRAGE   NACH  DEM  WASSERHAUSHALT  IM 

BODEN      UND      NACH      DEM      WASSERVERBRAUCH      DER      PFLANZEN. 

Jour.  f.  Landw.  52:  355-393. 

(353)  and  Muther,  [A.]  (BC) 

1905.  MITTEILUNGEN   DES   LANDWIRTSCHAFTLICHEN   VERSUCHSFELDES    DER 

UNIVERSITAT  GOTTINGEN.  I.  BEITRAGE  ZUR  LOSUNG  DER  FRAGE 
NACH  DEM  WASSERHAUSHALT  IM  BODEN  UND  NACH  DEM  WASSER- 
VERBRAUCH der  pflanzen.     Jour.  f.  Landw.  53:  239-259. 


SUKVEY   AND   DISCUSSION   OF   LYSIMETERS  55 

(354)  Seelhorst,  C.  von  (B) 

1905.  MITTEILUNGEN    DES    LANDWIRTSCHAFTLICHEN   VERSUCHSFELDES   DER 

UNIVERSITAT       GOTTINGEN.       II.      TJNTERSUCHUNGEN       UBER       DAS 
EINDRINGEN     VON     REGENWASSER     AUF     EINEM     SANDBODEN     UND 

auf  einem  lehmboden.     Jour.  f.  Landw.  53 1  260-263. 

(355)  —  (B) 

1906.  MITTEILUNGEN    VOM  LANDWIRTSCHAFTLICHEN  VERSUCHSFELDES    DER 

UNIVERSITAT      GOTTINGEN.       II.       UBER     DEN      WASSERVERBRAUCH 
VON  ROGGEN,  GERSTE,  WEIZEN  UND  KARTOFFELN.       I.    MITTEILUNG. 

Jour.  f.  Landw.  54:  316-342,  illus. 

(356)  Gerlach.  (A) 

1908.    DAS    KAISER    WILHELM's    INSTITUT    FUR    LANDWIRTSCHAFT    IN    BROM- 

berg:  lysimeteranlage.     Landw.    Jahrb.    37:    198-199.     See 
Tafel  IX. 

(357)  Kruger,  E.  (A) 

1910.  die    lysimeter    DER    abteilung    fur    meliorationswesen    DES 

KAISER  WILHELM'S  INSTITUTS  FUR  LANDWIRTSCHAFT  IN  BROMBERG. 

Kaiser- Wilhelm-Inst.  f.  Landw.  Mitt.  2:  151-155,  illus. 

(358)  (BC) 

1910.  lysimeterversuche  1909.     Kaiser-Wilhelm-Inst.  f.  Landw.     Mitt. 

2:  156-165. 

(359)  Gerlach.  (ABC) 

1910.    UNTERSUCHUNGEN    UBER    DIE    MENGE    UND    ZUSAMMENSETZUNG    DER 

sickerwasser.     Kaiser-Wilhelm-Inst.  f.  Landw.  Mitt.  2:  319- 
387,  illus. 

(360)  (ABC) 

1910.    UEBER  DIE  DURCH  SICKERWASSER  DEM  BODEN  ENTZOGENEN  MENGEN 

wasser  UND  nahrstoffe.     Illus.   Landw.   Ztg.   30:   [879J-881, 
illus. 

(361)  Seelhorst,  C.  von.  (B) 

1910.  MITTEILUNGEN     AUS     DEM     LANDWIRTSCHAFLICHEN       VERSUCHSFELD 

DER      UNIVERSITAT      GOTTINGEN.       DER      WASSERVERBRAUCH      VON 
WIESE      UND      WEIDE.       WASSERVERBRAUCH      VON      ROGGEN      AUF 

sandboden.     Jour.  f.  Landw.  58:  83-92. 

(362)  Kruger,  E.  (B) 

1911-13.  lysimeterversuche  1910,  1911,  1912.  Kaiser-Wilhelm-Inst.  f. 
Landw.  Mitt.  3:  163-174,  1911;  4:  129-133,  1912;  5:  247-251, 
1913. 

(363)  Gerlach.  (BC) 

1911.  UNTERSUCHUNGEN    UBER    DIE    MENGE    UND    ZUSAMMENSETZUNG    DER 

sickerwasser.     Kaiser-Wilhelm-Inst.  f.  Landw.  Mitt.  3:  351- 
381 

(364)  "  (BC) 

1911.  UEBER  DIE  DURCH  SICKERWASSER  (DRAINAGEWASSER)  DEM  BODEN 
ENTZOGENEN  MENGEN   WASSER  UND  NAHRSTOFFE.       Illus.    Landw. 

Ztg.  31:  755-756. 

(365)  Seelhorst,  C.  von.  (ABC) 

1913.  DER  VERBLEIB  DES  GRUNDUNGUNGSSTICKSTOFFS  IM  SANDBODEN  AUF 

grund  von  vegetations  versuchen.     Deut.   Landw.    Gesell. 
Arb.  241,  147  pp.,  illus. 

(366)  Richter,  G.  (B) 

1914.  lysimeterversuche  1913.     Kaiser-Wilhelm-Inst.  f.  Landw.   Mitt. 

6:  212-224. 

(367)  (B) 

1914.  DER       WASSERHAUSHALT       DES       BODENS.       DIE       LYSIMETERANLAGE. 

Kaiser-Wilhelm-Inst.  f.  Landw.  Jahresber.  1913:  50-51. 

(368)  Siegert,  and  Treibich.  (B) 

1915.  ABTEILUNG      FUR      MELIORATIONSWESEN.       DIE      LYSIMETERANLAGE. 

Kaiser-Wilhelm-Inst.  f.  Landw.  Jahresber.  1914:  43-45. 

(369)  Lyon,  T.  L.,  Fippin,  E.  O.,  and  Buckman,  H.  O.  (C) 

1915.  soils,  their  properties  and  management.  764  pp.,  illus.  New 
York.     See  Drainage  records  at  Bromberg,  p.  370. 

(370)  Braun,  E.  von,  and  Dade,  H.  (BE) 

1918.    ARBEITSZIELE  DER  DEUTSCHEN  LANDWIRTSCHAFT  NACH  DEM  KRIEGE. 

986  pp.     Berlin.     See  Die  Bodenbewasserung  der  Wasserbedarf 
und  die  Niederschlage,  by  E.  Kruger,  pp.  914-917. 


56  MISC.    PUBLICATION    3  7  2,    U.    S.    DEPT.    OF    AGRICULTURE 

(371)  Geilmann,  W.  (ABC) 

1922.     DIE    AUSWASCHUNG    VON    NITRAT-    UND    AMMONIAK-STICKSTOFF    AUF 

sand  und  lehmboden.    Jour.  f.  Landw.  70:  259-266. 

(372)  Lyon,  T.  Lyttleton,  and  Buckman,  Harry  O.  (ACD) 

1923-29.  nature  and  properties  of  soils;  a  college  text  of  eda- 
phology. Ed.  1,  588  pp.,  illus;  1923;  rev.  ed.  428  pp.,  illus. 
1929.  New  York.  See  Substitution  of  Bases,  ed.  1,  pp.  270-272 
[AC];  Nature  of  the  Drainage  Water  from  Soils,  rev.  ed.  pp.  246- 
249  [CD]. 

(373)  Freckmann.  (B) 

1924.  JAHRESBERICHT  DER  PREUSSISCHEN  LANDWIRTSCHAFTLICHEN  VER- 
SUCHS-     UND      FORSCHUNGSANSTALTEN     ZU     LANDSBERG     AU     DER 

warthe  1923-24.  lysimeterversuche.  Landw.  Jahrb.  60: 
153-156. 

(374)  ■ —  (AB) 

1924.  BERICHT  fJBER  DIE  TATIGKEIT  DES  INSTITUTS  FUR  MELIORATIONS- 
WESEN     UND     MOORKULTUR.         DER     VERSUCHSGARTEN     UND     DIE 

darin  durchgefuhrten  versuche.  Jahresber.  der  Preuss. 
Landw.  Vers.  Forschunganst.  Landsberg  a.  d.  Warthe  1920-23: 
22-25. 

(375)  (B) 

1924.  ARBEITEN  AUS  DEM  VERSUCHSGARTEN  UND  DEM  VERSUCHSFELDE; 

lysimeterversuche.  Jahresber.  der  Preuss.  Landw.  Vers. 
Forschunganst.  Landsberg  a.  d.  Warthe  1923-24:  153-156. 

(376)  Janert,  Staerk,  and  Siegert.  (E) 

1925.  ARBEITEN  AUS  DEM  VERSUCHSGARTEN  UND  VOM  VERSUCHSFELDE. 

lysimeter-  und  grundwassergefassversuche.  Jahresber.  der 
Preuss.  Landw.  Vers.  Forschunganst.  Landsberg  a.  d.  Warthe 
1924-25:  27. 

(377)  Fabian,  H.  (AB) 

1926.  DIE   VERDUNSTUNGSMESSUNGEN   AUF   DER   SCHEITNIGER   SCHLEUSEN- 

insel  in  breslau.  verdunstung  von  grasland.  Kulturtech- 
niker  29:  396-410,  439,  illus. 

(378)  Gerlach.  (ABC) 

1926.  UNTERSUCHUNGEN  UBER  die  menge  UND  zusammensetzung  der 
sickerwasser.     Landw.  Jahrb.  64:  701-733,  illus. 

(379)  Freckmann  W.,  Janert,  Staerk,  and  Siegert.  (ABC) 

1926.  BERICHT    UBER    DIE    TATIGKEIT    DES    INSTITUTS    FUR    MELIORATIONS- 

wesen  und  moorkultur.  Landw.  Jahrb.  64  (Sup.  1) :  34-61, 
illus. 

(380)  Janert,  Staerk,  and  Siegert.  (E) 

1927.  ARBEITEN    AUS    VERSUCHSGARTEN    UND    VERSUCHSFELD.       VERSUCHE 

UBER   DEN   WASSERBEDARF   VERSCHIEDENER   GRASER.       Jahresber. 

der  Preuss.  Landw.  Vers.  Forschungsanst.  Landsberg  a.  d. 
Warthe  1926-27:  34. 

(381)  Barrows,  H.  K.  (BD) 

1927.  water  power  engineering.    734  pp.,  illus.  New  York  and  London. 

See  Measurements  of  Soil  Evaporation,  pp.  91-95. 

(382)  Niklas,  H.,  and  Schropp,  W.  (A) 

1928.  DIE      LYSIMETERANLAGE      DES      AGRIKULTURCHEMISCHEN      INSTITUTS 

der  hochschule  weihenstephan.  Fortschr.  der.  Landw.  3: 
1017-1019,  illus. 

(383)  Freckmann,  Brouwer,  Staerk,  and  Siegert.  (B) 

1928.  ARBEITEN  AUS  VERSUCHSGARTEN  UND  VERSUCHSFELD.  VERSUCHE 
UBER   DEN    WASSERBEDARF    VERSCHIEDENER   GRASER.       Jahresber. 

der  Preuss.  Landw.  Vers.  Forschungsanst.  Landsberg  a.  d. 
Warthe  1927-28:  39-41. 

(384)  ,  Brouwer,  Staerk,  and  Siegert.  (BC) 

1928.    BERICHT    UBER    DIE    TATIGKEIT    DES    INSTITUTS    FUR    MELIORATIONS- 

wesen  und  moorkultur.    Landw.  Jahrb.  68  (Sup.  1) :  35-51. 

(385)  Gerlach.  (E) 

1928.  DIE  GROSSE  LANDWIRTSCHAFTLICHE  WOCHE.  DUNGER-ABTEILUNG. 
NAHRSTOFFVERLUSTE    DURCH   NIEDERSCHLAGE    IN    FEUCHTEN    UND 

trockenen  jahren.    Deut.  Landw.  Gesell.  Mitt.  43:  116. 


SURVEY   AND   DISCUSSION    OF   LYSIMETERS  57 

(386)  Gerlach.  (BC) 

1928-29.    NAHRSTOFFVERLUSTE  DURCH  NIEDERSCHLAGE  IN  FEUCHTEN    UND 

trockenen  jahren.  Deut.  Landw.  Gesell.  Mitt.  43:  145-147. 
[Translation  read  by  W.  R.  Black,  Rainfall  and  Manural  Losses 
in  Wet  and  Dry  Years.  [Gt.  Brit.]  Min.  Agr.  and  Fisher- 
ies and  Scot.  Dept.  Agr.,  Agr.  and  Met.  Conf.  Rpt.,  South 
Kensington,  1928,  pp.  51-55.] 

(387)  (AC) 

1928.    DIE  VERLUSTE  au  wertvollen  PFLANZENNAHRSTOFFEN  DURCH   DIE 

abfliessenden  sickerwasser.  Ver.  der  Deut.  Zuckerindus. 
Ztschr.  78:  175-186,  illus. 

(388)  Konekamp,  A.,  Konig,  Schwarz,  Kallabis,  and  Siegert.  (E) 

1930.  LYSIMETERVERSUCHE.  UNTERSUCHUNGEN  UBER  DEN  EINFLUSS  DER 
DUNGUNG    AUF    DEN    WASSERVERBRAUCH    VON    FUTTERPFLANZEN. 

Jahresber.  der  Preuss.  Landw.  Vers.  Forschungsanst.  Landsberg 
a.  d.  Warthe  (1929-30) :  39-40. 

(389)  Zunker,  F.  (BE) 

1930.  menge  des  sickerwassers.  In  Blanck,  E.,  Handbuch  der  Boden- 
lehre  (Die  Physikalische  Beschaffenheit  des  Bodens),  v.  6,  pp. 
195-198.    Berlin. 

(390)  Helbig,  M.  (E) 

1930.  methoden  zur  feststellung   der   verdunstung   des   bodens. 

In  Blanck,  E.,  Handbuch  der  Bodenlehre  (Die  Physikalische 
Beschaffenheit  des  Bodens),  v.  6,  pp.  246-247.    Berlin. 

(391)  Niklas,  H.,  and  Schropp,  W.  (A) 

1931.  AGRICULTURAL  RESEARCH  INSTITUTES  AND  AGRICULTURAL  COLLEGES 

VI.    THE     AGRICULTURAL-CHEMICAL     INSTITUTE      WEIHENSTEPHAN 

of  the  technical  college  at  Munich.  Superphosphate  4: 
125-131,  illus.     [In  English,  French,  and  German.] 

(392)  Freckmann,  W.  (E) 

1931.  die  regelung  der  wasserverhlatnisse  im  boden.  In  Blanck, 
E.,  Handbuch  der  Bodenlehre  (Die  Physikalische  Beschaffen- 
heit des  Bodens).     v.  9;  pp.  2-8.     Berlin. 

(393)  Tornau,  O.  (E) 

1931.  DAS  ziel  der  bodenbearbeitung  physikalische  eigenschaften. 
In  Blanck,  E.,  Handbuch  der  Bodenlehre  (Die  Physikalische 
Beschaffenheit  des  Bodens).     v.  9,  pp.  97-107,  illus.    Berlin. 

(394)  Popp,  M.  (E) 

1931.  DIE    KtJNSTLICHEN   DUNGEMITTEL   UND   IHRE    EINWIRKUNG   AUF   DEN 

boden.  In  Blanck  E.,  Handbuch  der  Bodenlehre  (Die  Massnah- 
men  zur  Kultivierung  des  Bodens).     v.  9,  pp.  223-226.    Berlin. 

(395)  Krugel,  C.,  Dreyspring,  C.,  and  Heinrich,  F.  (DE) 

1932.  SICKERVERSUCHE     MIT     SUPERPHOSPHAT     UND     THOMASMEHL     AN     12 

boden.  Ztschr.  f.  Pflanzenernahr.  Diingung  u.  Bodenk.  25 A: 
195-203,  illus. 

(396)  Bartels,  J.  (AB) 

1933.  VERDUNSTUNG,     BODENFEUCHTIGKEIT     UND     SICKERWASSER     UNTER 

naturlichen  verhaltnissen.  Ztschr.  f.  Forst  u.  Jagdw/  65: 
204-219,  illus. 

(397)  Friedrich,  W.,  and  Bartels,  J.  (AB) 

1935.  messungen  der  verdunstung  vom  erdboden.  Kulturtechniker 
38:  234-251,  illus. 

(398)  Pfaff,  C.  (ACD) 

1937.  uber     lysimeter-versuche.      Fortschr.     der      Landw.      Chem. 

Forsch.  1936,  Forschungsdienst  Sonderheft  6:  102-114,  illus. 

(399)  Laatsch,  W.  (ABE) 

1938.  DIE   DURCHFEUCHTUNGSWERTE   DER   DEUTSCHEN   SANDBODEN. 

Ernahr.  der  Pflanze  34:  3-8,  illus.  [AB].  Abstract  in  English, 
Water  Relationships  in  German  Sand  Soils,  and  in  Spanish,  Los 
Valores  de  Humedad  en  los  Suelos  Arenosos  de  Alemania,  p.  20 
[E]. 

(400)  Pfaff,  C.  (BC) 

1938.    SICKERWASSER-VERHALTNISSE       IN       LYSIMETERN       BEI       ZWISCHEN- 

fruchtbau.  Fortschr.  der  Landw.  Chem.  Forsch.  1937,  For- 
schungsdienst Sonderheft  7:  60-66,  illus. 


58  MISC.   PUBLICATION    3  72,    U.    S.   DEPT.    OF   AGRICULTURE 

BELGIUM 

(401)  Petermann,  A.  (ABCD) 

1889.  CONTRIBUTION  A  LA  CHIMIE  ET  A  LA  PHYSIOLOGIE  DE  LA  BETTERAVE 

1  sucre.  [Gembloux]  Inst.  Agron.  de  l'Etat  Bui.  45,  47  pp. 
[ABCD].  Review  by  E.  Wollny,  Der  Einfluss  der  Vegetation 
auf  die  Menge  und  Zusammensetzung  der  Drainwasser,  Wollny's 
Agr.  Phys.  13:  238-241  [ABCD]. 

FRANCE 

(402)  De  la  Hire,  Philippe.  (AB) 

1720.  MEMOIRES  DE  MATHEMATIQUE  ET  DE  PHYSIQUE,  TIRES  DES  REGISTRES 
DE  L'ACADEMIE  ROYALE  DES  SCIENCE,  DE  L'ANNEE  MDCCIII. 
REMARQUES  SUR  L'EAU  DE  LA  PLUIE,  SUR  L'ORIGINE  DES  FON- 
TAINES; AVEC  QUELQUES    PARTICULARITIES    SUR  LA  CONSTRUCTION 

des  citernes.  Hist,  de  l'Acad.  Roy.  des  Sci.  Ann.  1703  (2): 
56—59 

(403)  Berthelot.  (AB) 

1887.  sur  la  fixation  directe  de  l'azote  gazeux  de  l'atmosphere 
par  les  terres  vegetales.  [Paris]  Acad,  des  Sci.  Compt. 
Rend.  104:  205-209. 

(404)  (ABC) 

1887.  recherches  sur  le   drainage.     [Paris]   Acad,   des  Sci.    Compt. 

Rend.  105:  640-646  [ABC].  Translation  by  Hecht,  Unter- 
suchungen  tiber  die  Drainwasser,  Biedermann's  Zentbl.  f.  Agr. 
Chem.  17:  1-6  [ABC]. 

(405)  Deherain,  P.  P.  (ABC) 

1890.  recherches    sur    l'epuisement    des    terres    arables    par    la 

culture  sans  engrais.  etude  des  eaux  de  drainage, 
deuxieme  memoire.  etude  des  eaux  de  drainage.  ann. 
Agron.  16:  337-358  [ABC].  Abstract  by  E.  Wollny,  Studien 
iiber  die  Drainwasser,  Wollny's  Agr.  Phys.  13:  402-405  [BC]. 

(406)  (BC) 

1891.  SUR  LA  COMPOSITION  DES  EAUX  DE  DRAINAGE  DES  TERRES  NUES  ET 

cultivees.     Ann.  Agron.  17:  49-82. 

(407)  (BC) 

1892.  CONTRIBUTION    A    l'eTUDE    DES    EAUX    DE    DRAINAGE;    TERRES    SANS 

vegetation.     Ann.  Agron.  18:  273-299. 

(408)  (ABC) 

1893.  LES   EAUX   DE   DRAINAGE   DES  TERRES   CULTIVEES.       Ann.    Agron.    19: 

65-89,  illus.  [ABC].  Abstract  by  E.  Wollnv,  Die  Drainwasser 
bebauter  Boden,  Wollny's  Agr.  Phys.  16:  230-232  [ABC]. 

(409)   —  (BC) 

1894.  LES  EAUX  DE  DRAINAGE  DES  TERRES  CULTIVEES.   EAUX  DE  DRAIN- 

AGE d'hiver.     Ann.  Agron.  20:  21-42. 

(410)  (BC) 

1894.    LES    EAUX    DE    DRAINAGE    DES    TERRES    CULTIVEES.       LES    CASES    DE 

vegetation  de  mars  1893  a  mars  1894.     Ann.  Agron.  20:  449-466. 

(411)  Wiley,  H.  W.  (AE) 

1894.  PRINCIPLES   and   practice    of   AGRICULTURAL   ANALYSIS.       I.    SOILS. 

606  pp.,  illus.  Easton.  See  Lvsimetry  [E]  ed.  1,  p.  158;  ed.  2, 
p.  171;  ed.  3,  p.  186;  and  Improved  Method  of  Deherain  [AE] 
ed.  1,  pp.  167-169,  illus.;  ed.  2,  pp.  178-180,  illus.;  ed.  3,  pp. 
194-196,  illus. 

(412)  Demoussy,  E.  (ABC) 

1895.  INVESTIGATIONS      AT      THE      GRIGNON      AGRICULTURAL      EXPERIMENT 

STATION.       EXPERIMENTS   ON  BARE   SOILS.       U.    S.    Off.    Expt.    Stas. 

Expt.  Sta.  Rec.  (1893-94)  5:  10-27. 

(413)  Deherain,  P.  P.  (BC) 

1895.  RECHERCHES    SUR   LES    EAUX   DE    DRAINAGE    DES    TERRES    CULTIVEES, 

mars  1894-mars  1895.     Ann.  Agron.  21:  193-207. 

(414)  (BC) 

1896.  la  jachere.     Ann.  Agron.  22:  257-263. 

(415)  (B) 

1897.  OBSERVATIONS  RECUEILLES  AUX  CASES  DE  VEGETATION  DE  GRIGNON. 

(2nd  mem.).     Ann.  Agron.  23:  225-229. 

(416)  (BC) 

1897.    RECHERCHES    SUR    LES    EAUX    DE    DRAINAGE    DES    TERRES    NUES    ET 

des  terres  cultivees  (5TH  mem).  Ann.  Agron.  23:  241-267. 
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(417)  Deherain  P.  P.  (B) 

1898.    LE  TRAVAIL  DU  SOL.        PENETRATION,   EMMAGASINEMENT  ET   MOUVE- 

ment  de  l'eau  dans  le  sol.     Ann.  Agron.  24:  449-481,  illus. 

(418)  (ABC) 

1902.  traite   de   chimie   agricole.     Ed.    1902,   969  pp.,    illus.     Paris. 

See  Drainage  des  Terres  Nues  et  Cultivees,  fitudie  aux  Cases  de 
Vegetation  de  Grignon,  pp.  338-340,  584-594,  illus. 

(419)  Demolon,  A.,  and  Bastisse,  E.  (BC) 

1933.  OBSERVATIONS    EN    CASES    LYSIMETRIQUES    (VERSAILLES).       [France] 

Min.  de  TAgr.,  Inst,  des  Rech.  Agron.  Rap.  1932:  56-63. 

(420)  and  Bastisse,  E. 

1934.  OBSERVATIONS    EN    CASES    LYSIMETRIQUES    (VERSAILLES).        [France] 

Min.  de  TAgr.  Inst,  des  Rech.  Agron.  Rap.  1933:  24-30. 

(421)  and  Bastisse,  E.  (C) 

1934.    CONTRIBUTION  A  l'eTUDE  DE  LA  MECANIQUE    CHIMIQUE    DES  ANIONS 

dans  le  sol.     Ann.  Agron.  (n.  s.)  4:  53-76,  illus. 

(422)  [France]  Ministere  de  l' Agriculture.  (A) 

1934.  LE    CENTRE    national    de    recherches    agronomiques    de    VER- 

SAILLES;   STATION    CENTRALE    D'AGRONOMIE    (SOLS    ET    BIOCHIMIE 

vegetale).  [France]  Min.  de  TAgr.  Inst,  des  Rech.  Agron. 
1934:  3-4,  illus. 

(423)  Demolon,  A.,  and  Bastisse,  E.  (BC) 

1936.  observations  en  cases  lysimetriques.     In  Recherches  sur  la 
Fertilisation  effectives  en  1934  par  les  Stations  Agronomiques 
[France],  pp.  10-17. 
(424) (CD) 

1935.  enseignements    tires    d'observations     continues    en    cases 

lysimetriques.  Acad.  d'Agr.  de  France  Compt.  Rend.  21:  62-68. 

(425)  and  Bastisse,  E.  (AC) 

1936.  GENESE   DES   COLLOIDES   ARGILEUX  DANS   L' ALTERATION  DU   GRANITE 

en  cases  lysimetriques.     Ann.  Agron.  (n.  s.)  6:  803-810. 

(426)  ■  and  Bastisse,  E.  (BC) 

1936.  ETUDES    GENERALES    SUR   LA   FERTILISATION.       OBSERVATIONS   METE- 

orologiques  et  lysimetriques.  In  Recherches  sur  la  Fertili- 
sation Effectuees  en  1935  par  les  Stations  Agronomiques  [France], 
pp.  1-8. 

(427)  and  Bastisse,  E.  (C) 

1937.  OBSERVATIONS     EN     CASES     LYSIMETRIQUES     SUR     LA     MOBILISATION 

DES    RESERVES    AZOTEES    ET   MINERALES    DES    SOLS.       [Paris]    Acad. 

des  Sci.  Compt.  Rend.  204:  1495-1497. 

(428)  (B) 

1937.  le  climat  du  sol.     Ann.  Agron.  (n.  s.)  7:625-640,  illus. 

(429)  and  Bastisse,  E.  (BC) 

1937.  ETUDES     GENERALES     SUR     LA     FERTILISATION.       OBSERVATIONS     EN 

cases  lysimetriques.  In  Recherches  sur  la  Fertilisation  Ef- 
fectuees en  1936  par  les  Stations  Agronomiques  [France]  10: 
12-19. 

(430)  and  Bastisse,  E.  (C) 

1938.  SUR    QUELQUES    COMPLEXES    COLLOIDAUX    DU    FER    ET    DE    L'ALUMI- 

NIUM     II.    ROLE     DES     COMPLEXES     COLLOIDAUX     DU     FER     ET     DE 

l'aluminium  dans  les  processus  pedogeniques.  Ann.  Agron. 
(n.  s.)  8:25. 

(431)  and  Bastisse,  E.  (ABCD) 

1938.    RESULTS     OF     LYSIMETER     EXPERIMENTS.       [VERSAILLES].       Soil     Sci. 

46:  1-7. 

(432)  and  Bastisse,  E.  (BC) 

1938.    ETUDES     GENERALES     SUR     LA     FERTILISATION.       OBSERVATIONS     EN 

cases  lysimetriques.  In  Recherches  sur  la  Fertilisation 
Effectuees  en  1937  par  les  Stations  Agronomiques  [France]  11: 
12-20. 

SWITZERLAND 

(433)  BtJHLER,  A.  (AB) 

1891-95.    UNTERSUCHUNGEN        UBER       STCKERWASSERMENGEN.  SchweiZ. 

Centralanst.    f.    das    Forstl.    Versuchsw.    Mitt.    1:  291-332, 

1891  [AB];  4:  203-248,  1895  [B]. 
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(434)  Risler,  E.,  and  Wert,  G.  (D) 

1903.  CONTRIBUTIONS     A     l'eTUDE     DU     DRAINAGE     ET     DE     L  IRRIGATION. 

consommation  d'eau  faite  per  les  plantes.     [France]  Min. 
de  l'Agr.,  Inst.  Natl.  Agron.  Ann.  2  (2):  5-9. 

(435)  and  Wery,  G.  (BD) 

1904.  irrigation   et   drainages.     516   pp.,   illus.     Paris.     See   Trans- 

piration des  Plantes  et  Quantites  d'Eau  Apportees  par  les 
Pluies,  pp.  18-31. 

(436)  Grunigen,  F.  v.  (CD) 

1938.  UEBER  DIE  NAHRSTOFFVERLUSTE  EINES  BODENS  BEI  FORTGESETZTER 
VERGLEICHENDER  MINERALISCHER  UND  GULLEN-DUNGUNG.   Landw. 

Jahrb.  der  Schweiz  52:  663-664. 

ITALY 

(437)  Draghetti,  A.  (E) 

1930.  RELAZIONE  TECNICA  SULL'ORGANIZZAZIONE  E  SUL  FUNZIONAMENTO 
DELLA  R.  STAZIONE  AGRARIA  SPERIMENTALE  DI  MODENAJ  ATTIVITA 

della  stazione  agraria.  Modena  R.  Staz.  Sper.  Agr.  Ann. 
Bol.  delle  Ricerche  e  della  Sper.  (1927-29)  1:  17-19,  illus. 

(438)  (ABC) 

1932.    RICERCHE  SULLA  CONCIMAZIONE  AZOTATA  DIRETTA  AL  FRUMENTO  IN 

casse  da  vegetazione  LisiMETRicHE.  Modena  R.  Staz.  Sper. 

Agr.  Ann.  Bol.  delle  Ricerche  e  della  Sper.  (1930-31)  2:  164- 
241,  illus. 

(439)  (A) 

1936.  CICLO  DI  RICERCHE  SULLA  SUB-IRRIGAZIONE  DELLE  PIANTE  SAR- 
CHIATE  E.  FORAGGIERE,  IN  CASSE  DA  VEGETAZIONE  LISIMETRICHE. 

Modena  R.  Staz.  Sper.  Agr.  Ann.  Bol.  delle  Ricerche  e  della 
Sper.  5:  407-414,  illus. 

(440)  and  Pantoli,  B.  (AB) 

1936.  RICERCHE    SULLA    SUB-IRRIGAZIONE    DEL    GRANTURCO    IN    CASSE    DA 

vegetazione  lisimetriche.  Modena  R.  Staz.  Sper.  Agr.  Ann. 
Bol.  delle  Ricerche  e  della  Sper.  5:  415-434. 

(441)  Giandotti,  M.  (E) 

1937.  TEMPERATURA    ED    evaporazione    del    suolo    e    delle    acque. 

evaporazione  del  suolo.  Idrologia  della  Bonifica  Integrale, 
Biblioteca  della  Bonifica  Integrale  3  (pt.  1) :  79-80. 

(442)  Giglioli,  G.  R.  (E) 

1938.  l'erosione   del  terreno   agrario   nei  tropici.     il   problema 

della  decadenza  della  fertilita  nei  terreni  tropicali 
l'erosione.  Inst.  Agr.  Colon.  Ital.  Relaz.  e.  Monog.  Agr. 
Colon.  49:  24.  [Views  of  Thompson's  and  Musgraves's  lysim- 
eters.] 

NETHERLANDS 

(443)  Sterk,  A.  E.  (AB) 

1898.  OVER  REGEN  verdamping  en  kwel  in  den  haarlemmermeer- 
polder.  ondergrondsche  condensatie.  K.  Inst,  van  Ingen. 
Tijdschr.  Verhandel.     1897-98:  65-67,  74-75. 

(444)  Bruijn,  H.  E.  de.  (AB) 

1903.  OVER  lysimeter-waarnemingen  en  de  hoeveelheid  drink- 
water,    DIE    DE    DUINEN    DIENOVEREENKOMSTIG    KUNNEN    GEVEN. 

Nederland.  Natur-  en  Geneesk.  Cong.  Handel.  9:  147-154, 
illus. 

(445)  Deutsche  Landwirtschafts-Gesellschaft.  (ABCD) 

1906.  LANDWIRTSCHAFTLICHE  ERFAHRUNGEN  DES  AUSLANDES.  BELEUCH- 
TUNG  DER  BODENNITRIFIKATION  DURCH  DRAINWASSERUNTER- 
SUCHUNGEN.  35  JAHRIGE  LYSIMETERVERSUCHE  IN  ROTHAMSTED 
UND     NEUERE     UNTERSUCHUNGEN     IN     HOLLAND.       Deut.     Landw. 

Gesell.  Mitt.  21:  195-203,  illus. 

(446)  Hudig,  J.  (ABCD) 

1906.    NITRIFICATIE    EN    DE    SAMENSTELLING    VAN    DRAINWATER.       Cultura 

18:  149-163,  illus. 

(447)  Versluys,  J.  (ABD) 

1916.  de  capillaire  werkingen  in  den  bodem.  136  pp.,  illus.  Amster- 
dam.    See  Lysimeterwaarnemingen,  pp.  116-129  [ABD]. 
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(448)  Hesselink,  E.,  and  Hudig,  J.  (AB) 

1925.    DE    INVLOED    VAN    EENE   BODEMBEDEKKING   BIJ   STUIFZAND    OP    DEN 

groei  der  dennen.  Rijksboschbouwproefsta.  Wageningen, 
Meded.  2(2):  129-172,  illus. 

(449)  and  Hudig,  J.  (E) 

1925.  vergelijking  van  de  resultaten  der  verschillende  proeven, 

voor  zooveel  betreft  de  lengtegroei.  Rijksboschbouw- 
proefsta. Wageningen,  Meded.  2  (2) :  173-177. 

(450)  and  Hudig,  J.  (AB) 

1925.  DER  einfluss  einer  bodenbedeckung  auf  das  wachstum  von 

kiefern  im  flugsand.  Rijksboschbouwproefsta.  Wageningen, 
Meded.  2  (2) :  178-184. 

(451)  and  Hudig,  J.  (AE) 

1925.  die  kondensation  von  atmosferischer  feuchtigkeit  im  bodem. 

Rijksboschbouwproefsta.  Wageningen,  Meded.  2  (2) :  185-190, 
illus. 

(452)  Maschhaupt,  J.  G.  (ABCD) 

1938.  LYSIMETER-ONDERZOEKINGEN  AAN  HET  RIJKSLANDBOUWPROEF- 
STATION    TE    GRONINGEN    EN    ELDERS    I.    REGENVAL,    DRAINAGE    EN 

verdamping.  Netherlands  Landbouw.  Directie  van  den 
Verslagen  van  Landbouwkundige  Onderzoekingen.  Groningen 
Rijklandb.  Proefsta.  44  (1)  A:  1-169,  illus.,  [ABCD].  English 
summary,  Lysimeter  Investigations  at  Groningen  and  Elsewhere, 
Part  1,  Rainfall,  Drainage  and  Evaporation,  pp.  170-179  [ABD]. 

SCANDINAVIA 

(453)  Feilitzen,  H.  von.  (ABC) 

1900.  FORSOKSVERKSAMHETEN  VID  ROTHAMSTED  I  ENGLAND.  IAKTTAGEL- 
SER  OFVER  NEDERBORD    OCH    DRANERING.       Svenska    Mosskultur- 

for.  Tidskr.  [14]:  28-31,  illus. 

(454)  (A) 

1905.  FORSOKSGARDEN  FOR  VAXTKULTUR  I  JONKOPING  OCH  PLANEN  TILL 
VEGETATIONS-FORSOKEN        AR       1905.       LYSIMETRARNE.  Svenska 

Mosskulturfor.     Tidskr.  19:  401-423,  illus. 

(455)  (A) 

1910.    SVENSKA    MOSSKULTURFORENINGENS    INSTITUTIONSBYGGNAD.    VEGE- 

tationsgarden.  Svenska  Mosskulturfor.  Tidskr.  24:  179-184, 
illus. 

(456)  Lugner,  I.,  and  Hjerstedt,  H.  (?) 

1912.  EINIGE  UNTERSUCHUNGEN  UBER  DIE  MIT  DEN  SICKERWASSERN  AUS 
UMBEBAUTEM  UND  MIT  VERSCHIEDENEN  KULTURPFLANZEN  BE- 
BAUTEM    MOORBODEN    ENTSTANDENEN    VERLUSTE    AN     PFLANZEN- 

nahrstoffen.     Kulturtechniker  1:  210-220. 

(457)  Lugner,  I.,  and  Hjerstedt,  H.  (ABCD) 

1912.  NAGRA  UNDERSOKNINGAR  OFVER  DE  MANGDER  VAXTNA.RINGSAMNEN, 

SOM  MED  NEDERBORDEN  UTTVATTAS  OCH  GA  FORLORADE  FRAN 
OBEVUXEN  OCH  MED  OLIKA  KULTURVAXTER  BEVUXEN  TORFJORD. 
RESULTAT  AF   5-ARIGA  LYSIMETER-FORSOK  I  VEGETATIONSGARDEN- 

i  jonkoping.  Svenska  Mosskulturfor.  Tidskr.  26:  111-154, 
illus. 

(458)  (AB) 

1913.  SVENSKA    MOSSKULTURFORENINGENS    KULTURFORSOK    I    JONKOPING, 

VID  FLAHULT  OCH  TORESTORPSMOSSEN  AR  1911 J  HVILKEN  INVER- 
KAN  UTOFVAR  ETT  OLIKA  HOGT  GRUNDVATTENSTAND  PA  GRAS- 
VALLARS     UTVECKLING     OCH     GRASBESTANDETS     SAMMANSATTNING 

pa  torfjord?     Svenska  Mosskulturfor.     Tidskr.  27:  3-8,  illus. 

SOVIET  UNION 

(459)  Maluschithki,  N.  (AB) 

1900.  K     VOPROSU      O      ZNACHENII.      EVAPOROMETRICHESKISKH     POKAZANII 

DLIA  ZAPROSOCSELSKO-KHOZIASTVENNOI.  PRAKTIKI  3,  NABLU- 
DENIA  NAD  ESPARENEIAMY  VLAGY  POCHVOfD.       Ann.   Inst.    Agron. 

de  Moscu.  6:  349-368,  illus. 

(460)  Welbel,  B.  (BC) 

1901.  OTCHET      PO      KHIMICHESKOI      LABORATORIY.       Ploty      Selsk.      Khoz. 

Opytn.  Sta.  (Ploty  Sta.  Expt.  Agron.  Ann.  Rap.)  (1900)  6: 
77-103.  [Tabular  data  in  Russian  and  French.] 
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(461)  [Troubetzkoy,  L.]  (C) 

1901.  EXTRAIT     DU     COMPTE     RENDU     DU     LABORATOIRE     CHIMIQUE     POUR 

L'ANEE     1900;     LES      EAUX     LYSIMETRIQUES.       Plotv     Selsk.     KhoZ. 

Opvtn.  Sta.  (Ploty  Sta.  Expt.  Agron.  Ann.  Rap.)  (1900)  6: 
223-231. 

(462)  Kossovich,  P.,  and  Tret'iakov,  I.  (AB) 

1902.  KVOPROSU  O  VLIIANII  UGLEKISLAGO  KAL'tSIIA  NA  BYSTROTU  RAZLO- 

jeniia  organicheskikh  veshchestv.  Zhur.  Opvtn.  Agron. 
(Jour.  f.  Expt.  Landw.)  3:  450-476  [AB].  Review  by  Kossovich, 
P.,  Zur  Frage  iiber  den  Einfluss  des  kohlensauren  Calciums  auf 
den  Gang  der  Zersetzung  organischer  Stoffe,  pp.  476-484    [AB] 

(463)  Welbel,  B.  (ABC) 

1903.  die    lysimeterwasser.     Review  by    L.    Richter.     Biedermann's 

Zentbl.  f.  Agr.  Chem.  32:  293-296. 

(464)  (BC) 

1903.    OTCHET      PO      KHIMICHESKOI      LABORATORIT,         Plotv      Selsk.      KhoZ. 

Opvtn.  Sta.  (Ploty  Sta.  Expt.  Agron.  Ann.  Rap.)  (1902)  8:  69-96, 
[Tabular  data  in  Russian  and  French.] 

(465)  Winkler,  A.  (BC) 

1903.    RESUME  DU  COMPTE  RENDU  DU  LABORATOIRE  DE  CHIMIE  POUR  l'aNNEE 

1902.  Plotv  Selsk.  Khoz.  Opvtn.  Sta.  (Ploty  Sta.  Expt.  Agron. 
Ann.  Rap.)  (1902)  8:  143-151. 

(466)  Welbel,  B.  (BC) 

1903.    EZOOCHENEIA     SOSTOVA     LEZOMETRICHESKIKH     VOD      E     MEMERALE- 

zatsia    pochvenavo    azota.      Zhur.  Opvtn.    Agron.    (Jour.    f. 

Expt.  Landw.)  (1903)  4:  285-307.  [Tabular  data  in  Russian 
and  German.] 

(467)  (C) 

1903.  BEITRAGE  zum  studium  des  lysimeterwassers  und  der  nitrifi- 

cation des  bodenstickstoffs.  Zhur.  Opytn.  Agron.  (Jour.  f. 
Expt.  Landw.)  (1903)  4:  307-312. 

(468)  (B) 

1904.  IZSLIEDOVANEIA    KHIMICHESKOI   LABORATORIY.      Plotv    Selsk.     KhoZ. 

Opytn.  Sta.  (Ploty  Sta.  Expt.  Agron.  Ann.  Rap.)  (1903)  9:  95-101. 
[Tabular  data  in  Russian  and  French.] 

(469)  Winkler,  A.  (C) 

1904.  RESUME  DU  COMPTE  RENDU  DU  LABORATOIRE  CHIMIQUE  POUR  L'aNNEE 

1903.  Ploty  Selsk.  Khoz.  Opvtn.  Sta.  (Ploty  Sta.  Expt.  Agron. 
Ann.  Rap")  (1903)  9:  130-134. 

(470)  Welbel,  B.  (BC) 

1905.  IZSLIEDOVANEIA    KHIMICHESKOI    LABORATORIY.       Plotv    Selsk.    KhoZ. 

Opytn.  Sta.  (Ploty  Sta.  Expt.  Agron.  Ann.  Rap.)  (1904)  10: 
75-116.    [Tabular  data  in  Russian  and  French.] 

(471)  Winkler,  A.  (C) 

1905.  RESUME    DU    COMPTE    RENDU    DU    LABORATOIRE    DE    CHIMIQUE    POUR 

l'annee  1904.  Plotv  Selsk.  Khoz.  Opvtn.  Sta.  (Ploty  Sta.  Expt. 
Agron.  Ann.  Rap.)  "(1904)  10:  147-160. 

(472)  Welbel,  B.  (BC) 

1906.  atmopherniy  osadky.    Plotv  Selsk.  Khoz.  Opvtn.  Sta.  (Plotv  Sta. 

Expt.  Agron.  Ann.  Rap.)  (1905)  11:  73-119,  illus.  [Tabular 
data  in  Russian  and  French.] 

(473)  Winkler,  A.  (C) 

1906.    RESUME    DU    COMPTE    RENDU    DU    LABORATOIRE    DE    CHIMIE.      Ploty 

Selsk.  Khoz.  Opvtn.  Sta.  (Ploty  Sta.  Expt.  Agron.  Ann.  Rap.) 
(1905)  11:  128-135. 

(474)  Welbel,  B.  M.  (ABC) 

1906.    DANNYIA    LEZOMETRICHESKIKH  ETSLEDOVANY  PLOTIANSKOI    C-KHOZ. 

opuitnoy  stantzii.  Zhur.  Opvtn.  Agron.  (Jour.  f.  Expt.  Landw.) 
(1905)  6:  129-163  [ABC],  [tabular  data  in  Russian  and  Ger- 
man], and  review,  Daten  Lvsimetrischer  Untersuchungen  von  der 
Versuchsstation  Ploty,  pp.  163-175  [ABC]. 

(475)  Troubetskoy,  L.,  and  Bytchikhine,  A.  (ABC) 

1906.    POSITION     GEOGRAPHIQUE     DE     LA     STATION     AGRONOMIQUE     ET    SON 

organisation;  l'evaporation  et  la  filtration  de  l'eau  DANS 
le  sol;  activite  nitrifiante  du  sol.  Ann.  de  la  Sci.  Agron. 
(3)  1:  332-336,  342-346,  389-395. 
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(476)  Welbel,  B.  (C) 

1907.    LYSIMETRISCHE  UNTERSUCHUNGEN  AN  DER  VERSUCHSTATION  PLOTY. 

Review  by  L.  Richter.  Biedermann's  Zentbl.  f.  Agr.  Chem. 
36:  782. 

(477)  (BC) 

1907.  IZSLIEDOVANEIA  KHIMICHESKOI  LABORATORIY  OPUITN.  STANTZII. 
PROCESS  AT  NYTRIPHIKATZIY  E  DENITRIPHIKATZI  V  POCHVA  PO 
LEZOMETRICHESKY  IZSLIEDOVANIAM.      Ploty    Selsk.    KhoZ.    Opytn. 

Sta.  (Ploty  Sta.  Expt.  Agron.  Ann.  Rap.)  (1906)  12:  148-208. 

(478)  Winkler,  A.  (C) 

1907.  resume  du  compte-rendu  du  laboratoire  de  chimie.     Ploty 

Selsk.  Khoz.  Opytn.  Sta.     (Ploty.  Sta.  Expt.  Agron.  Ann.  Rap.) 

(1906)  12:  248-262. 

(479)  Welbel,  B.  (BC) 

1908.  PROCESS    NYTRIPHIKATZIY    V    POCHVA    YAROVOGO,    PAROVOGO    E    OZI- 

mogo  kleena.  Ploty  Selsk.  Khoz.  Opytn.  Sta.  (Polty  Sta.  Expt. 
Agron.  Ann.  Rap.)   (1907)   13:  105-146. 

(480)  Winkler,  A.  (C) 

1908.  RESUME  DES  TRAVAUX  DU  LABORATOIRE,  AINSI  QUE  DES  EXPE- 
RIENCES SUR  LA  VEGETATION  EN    VASES  DANS    LES,    EN   1907.       Ploty 

Selsk.  Khoz.  Opytn.  Sta.  (Ploty  Sta.  Expt.  Agron.  Ann.  Rap.) 

(1907)  13:  175-191. 

(481)  Gemmerling,  W.  W.  (AB) 

1922.    OVODNOM   REGIME    PODZOLISTIHK   POCHVY   NA   OSNOVANIY    DANNYKH 

lezometrichesky  izsliedovany.  Moskov.  Oblastn.  Selsk.  Khoz. 
Opytn.  Sta.  Trudy  (Moscow  Regional  Agr.  Expt.  Sta.  Works) 
Bui.  1:  88-95,  illus.  [AB];  also  abstract,  About  the  Water  Regime 
of  Ashy  Loam  Soils,  According  to  Lysimeter  Investigations,  p. 
124-125  [A]. 

(482)  Popov,  V.  P.  (AB) 

1928.    POCHVENNAfA  VLAGA  E  METODY   CHK    EZOOCHENIA.      MleeV  SadoVO- 

Ogorod.  Opytn.  Sta.  Trudy  (Mleev  Hort.  Expt.  Sta.  Sect.  Rural 
Met.  Bui.)  16:  39-69,  illus. 

(483)  Rutkovsky,  V.  J.  (AE) 

1936.  STUDY    OF   WATER    CIRCULATION   IN    LAYER    BETWEEN   THE    SURFACE 

OF   SOIL   AND   THE    GROUND-WATER    LEVEL;    LYSIMETRIC    FUNNELS. 

Internatl.  Hvdrol.  Sci.  Assoc,  6th  Gen.  Assem.  Edimbourg, 
September  1936,  22:  370-375. 

AFRICA 

NORTH    AFRICA 

(484)  Yankovitch,  L.  (AC) 

1933.  CONTRIBUTION  A  LA  MEILLEURE  COMPREHENSION  DU  PROBLEME  DE 
L'AZOTE  DANS  LES  TERRES  NORD-AFRICAINES.      Ann.  du  Serv.  Bot. 

et  Agron.  [Tunis]  10:  25-35. 

(485)  Boeuf,  F.  (A) 

1933.  ORGANISATION  DES  recherches  agronomiques  au  service  bo- 
tanique  et  agronomique  de  tunisie.  Ann.  du  Serv.  Bot.  et 
Agron.  [Tunis]  10:  123-126,  illus. 

(486)  and  Novikoff,  V.  (ABC) 

1935-6.  CULTURES  EN  CASES  DE  VEGETATION  ET  EN  CASES  LYSIMETRIQUES 
AU  SERVICE  BOTANIQUE  ET  AGRONOMIQUE  DE  TUNISIE.       Ann.   du 

Serv.  Bot.  et  Agron.   [Tunis]   12-13:  [6771-696,  illus.     Also  in 

Acad.  d'Agr.  de  France  Compt.  Rend.  22  (1936):  463-473, 
illus. 

(487)  Miege,  E.  (ABC) 

1937.  ETUDE    DU    BILAN    DE    l'eAU    ET    DES    ELEMENTS    FERTILISANTS    DANS 

quelques  sols  types  du  maroc.    Ann.  Agron.  7:  370-388,  illus. 

SOUTH    AFRICA 

(488)  Thompson,  W.  R.  (ABCD) 

1936.  moisture  farming  in  south  africa.    260  pp.  illus.     [Johannes- 

burg]. See  The  Role  of  Percolation  in  the  Dissipation  of  Mois- 
ture, pp.  192-215,  illus. 

(489)  Haylett,  D.  G.,  Ross,  J.  C,  and  Dawson,  E.  S.  (AB) 

1937.  percolation  experiments.    Univ.  Pretoria  Soil  Erosion  and  Grass- 

land Experiments,  Prog.  Rpt.  G,  1284:  10-11.    [Mimeographed.] 


AUTHOR  INDEX 


[Figures  refer  to  entries  in  the  Bibliography] 


Adams,  J.  E.,  148,  149. 

American  Geophysical  Union,  Hydrology 
Committee,  7,  195. 

American  Society  of  Agronomy,  210. 

Anderson,  P.  J.,  11. 

Anonymous,  82. 

Arnott,  M.  H.,  284. 

Ayres,  Q.  C,  66. 

Babcock,  S.  M.,  95,  96. 

Bailey,  E.  M.,  24. 

Barker,  J.  F.,  108. 

Barlow,  P.  W.,  216. 

Barnette,  R.  M.,  41,  42,  43,  44. 

Barrows,  H.  K,  119,  255,  381. 

Bartel,  F.  O.,  137. 

Bartels,  J.,  396,  397. 

Bastisse,  E.,  419,  420,  421,  423,  425, 
426,  427,  429,  430,  431,  432. 

Batham,  H.  N.,  299. 

Bayard,  F.  C,  247. 

Beattie,  H.  G.,  128. 

Belgrave,  W.  N.  C.,  309. 

Benson,  N.,  44. 

Berthelot,  403,  404. 

Bieler,  K.,  234. 

Bizzell,  J.  A.,  109,  112,  114,  118,  120, 
123,  127,  133. 

Black,  W.  R.,  386. 

Blair,  A.  W.,  25,  26,  27,  28. 

Blythe,  S.  O.,  8. 

Boeuf,  F.,  485,  486. 

Bortner,  C.  E.,  71. 

Braithwaite,  F.,  217. 

Braun,  E.  von,  370. 

Brouwer,  383,  384. 

Bruijn,  H.  E.  de,  444. 

Buckland,  213. 

Buckman,  H.  O.,  106,  115,  178,  250, 
253,  270,  369,  372. 

Buhler,  A.,  433. 

Burgess,  P.  S.,  1. 

Burt,  B.  C.,  286,  288,  292,  294. 

Bytchikhine,  A.,  475. 

California  Forest  and  Range  Experi- 
ment Station,  10. 

Cameron,  F.  K,  208. 

Clarke,  J.  E.,  247. 

Clutterbuck,  J.  C,  213,  215. 

Collison,  R.  C,  122,  125,  128,  131. 

Collison,  S.  E.,  29,  30,  31,  32,  33. 

Comber,  N.  M.,  279. 

Connecticut  Agricultural  Experiment 
Station,  12,  13,  15,  16,  17,  18,  20,  22. 

Creydt,  H.  O.,  350. 

Curtis,  R.  H.,  238. 

Dade,  H.,  370. 


Dalton,  J.,  211,  212. 

Davis,  W.  A.,  295. 

Dawson,  E.  S.,  489. 

Dean,  H.  K.,  141,  142,  143,  144,  145. 

Deeter,  E.  B.,  196. 

Deherain,   P.    P.,   405,   406,    407,    408, 

409,  410,  413,  414,  415,  416,  417,  418. 
De  la  Hire,  P.,  402. 
Demolon,  A.,  419,  420,   421,  423,  424, 

425,  426,  427,  428,  429,  430,  431,  432. 
DeMoussy,  E.,  412. 
Denton,  J.  B.,  218. 
Deutsche   Landwirtschafts  Gesellschaft 

445. 
Dickinson,  J.,  213,  215,  216. 
Draghetti,  A.,  437,  348,  439,  440. 
Dreyspring,  C,  395. 
Duley,  F.  L.,  86,  87. 
Ebermayer,  E.,  219,  323,  324,  325,  331, 

332,  348. 
Eckart,  C.  F.,  45,  46,  50,  51,  53,  54. 
Edwards,  E.  E.,  84. 
Eheart,  J.  F.,  199. 
Ellett,  W.  B.,  191,  197,  198,  199,  201, 

203. 
Emery,  F.  E.,  101. 

Evans,  J.,  216,  217,  218,  219,  220,  324. 
Fabian,  H.,  377. 
Feilitzen,  H.   von,   453,   454,   455,   456, 

457,  458. 
Field,  R.,  219,  324. 
Fippin,  E.  O.,  106,  248,  250,  369. 
Fisher,  R.  A.,  258. 
Fraas,  C,  314,  315,  317,  319. 
[France]     Ministere     de     l'Agriculture, 

422. 
Fraps,  G.  S.,  194,  249. 
Freckmann,    W.,    373,    374,    375,    376 

379,  380,  383,  384,  392. 
Fresenius,  352. 
Friedrich,  W.,  397. 
Garstka,  W.  U.,  138,  139. 
Geilmann,  W.,  371. 
Gemmerling,  W.  W.,  481. 
Gerlach,  356,  359,  360,  363,  364,  378, 

385,  386,  387. 
Giandotti,  M.,  441. 
Giglioli,  G.  R.,  442. 
Gilbert,  J.  H.,  219,  221,  222,  223,  224, 

225,  226,  227,  228,  229,  232,  236,  324. 
Goessmann,  C.  A.,  80. 
Goff,  E.  S.,  97,  98,  99,  101. 
Goss,  A.,  61. 
Greaves,  C,  219,  324. 
Grunigen,  F.  V.,  436. 
Gustafson,  A.  F.,  251. 

65 


66 


MISC.    PUBLICATION    3  7  2,    U.    S.    DEPT.    OF   AGRICULTURE 


Hall,  A.  D.,  240,  241,  243. 

Hanamann,  J.,  346,  349. 

Harlan,  J.  D.,  128. 

Harrison,  J.  T.,  229. 

Harrison,  W.  H.,  296. 

Hawkshaw,  J.,  216. 

Hawksley,  T.,  217. 

Haylett,  D.  G.,  489. 

Hayman,  J.  M.,  283,  285. 

Hays,  O.  E.,  206. 

Hecht,  A.,  404. 

Hedrick,  U.  P.,  111. 

Heinrich,  F.,  395. 

Helbig,  M.,  390. 

Hendrick,  J.,  263,  266,  267,  271,  272, 

274,  275,  276,  278,  280,  282,  308  313. 
Hendrickson,  H.  C,  147. 
Hesselink,  E.,  448,  449,  450,  451. 
Hester,  J.  B.,  43. 
Higby,  W.  M.,  146. 
Hilgard,  E.  W.,  245. 
Hill,  H.  H.,  191,  197,  198,  199,  200,  201, 

202,  203. 
Hirata,  T.,  310,  311,  312. 
Hjerstedt,  H.,  456,  457. 
Hoffmann,  R.,  316,  322. 
Holding,  W.  A.,  154. 
Homersham,  S.  C,  215,  216,  219,  324. 
Hopkins,  P.  L.,  196. 
Hopkinson,  J.,  229,  230,  238,  247. 
Horton,  R.  E.,  103. 
Hudig,  J.,  446,  448,  449,  450,  451. 
Huston,  H.  A.,  61. 
Immendorff,  347. 

Indiana   Agricultural   Experiment   Sta- 
tion, 60. 
Jacobson,  H.  G.  M.,  14. 
Janert,  376,  379,  380. 
Joachim,  A.  W.  R.,  300,  301,  302,  303, 

304,  305. 
Joffe,  J.  S.,  88,  89,  90,  91,  92,  278,  312. 
Jones,  H.  W.,  43. 
Jones,  J.  O.,  254. 
Kallabis,  388. 

Karraker,  P.  E.,  70,  71,  72. 
Katutani,  M.,  310. 
Keen,  B.  A.,  260,  306. 
Konekamp,  A.,  388. 
Konig,  388. 
Koshal,  R.  S.,  258. 
Kossovich,  P.,  462. 
Kraebel,  C.  J.,  9. 
Krugel,  C.,  395. 
Kriiger,  E.,  357,  358,  362,  370. 
Laatsch,  W.,  399. 
Ladd,  E.  F.,  100. 
Lake  States  Forest  Experiment  Station, 

205. 
Latham,  B.,  247. 
Lawes,  J.  B.,  221,  222,  223,  224,  225, 

226   228 
Leather,  J."  W.,  284,  287,  288,  289,  290, 

291. 
Lee,  C.  H.,  6. 
Leland,  E.  W.,  123. 
Liebig,  J.  von,  321. 
Lowdermilk,  W.  C.,  3,  4. 


Luedecke,  C,  244. 

Lugner,  I.,  456,  457. 

Lunt,  H.  A.,  19,  23. 

Lyon,  T.  L.,  104,  106,  109,  112,  115, 
120,  123,  127,  133,  178,  248,  250, 
253,    270,    369,     372. 

Maclntire,  W.  H.,  152,  154,  156,  157, 
158,  159,  160,  161,  162,  163,  164, 
165,  166,  167,  168,  169,  170,  171, 
172,  173,  174,  175,  176,  177,  179, 
180,  181,  182,  183,  184,  186,  187, 
188,    189,    190,    191,    192,  193,    201. 

Maluschitzki,  N.,  459. 

Marriott,  W.,  247. 

Martin,  J.  C.  204. 

Maschaupt,  J.  G.,  452. 

Mawley,  E.,  231,  238. 

Maxwell,  W.,  47,  48,  49. 

McGeorge,  W.  T.,  1. 

McKaig,  N.,  Jr.,  150,  151,  151a. 

Mellish,  H.,  247. 

Mensching,  J.  E.,  122,  125. 

Miege,  E.,  487. 

Miller,  M.  F.,  86. 

Miller,  N.  H.  J.,  239,  242,  243. 

Minssen,  347. 

Mollendorff,  G.,  320. 

Mooers,  C.  A.,  152,  153,  155,  158,  173, 
179    188 

Morgan,  M.  F.,  14,  21,  24. 

Mosier,  J.  G.,  251. 

Mukerji,  J.  N.,  298. 

Musgrave,  G.  W.,  63,  64,  65,  67,  68. 

Muther,  A.,  353. 

Nath,  B.  V.,  307. 

Neal,  O.  R.,  68,  69. 

New  York  State  Agricultural  Experi- 
ment Station,  93,  94,  105.  107,  110, 
113,  116,  121,  124,  126,  129,  130,  132, 
134,  135. 

Nicholson,  H.  H.,  256. 

Niklas,  H.,  382,  391. 

North  of  Scotland  College  of  Agri- 
culture, 264,  265,  281. 

Norton,  R.  A.,  67. 

Novikoff,  V.,  486. 

Osugi,  S.,  313. 

Palmer,  V.  J.,  206. 

Pantin,  B.,  256. 

Pantoli,  B.,  440. 

Parkes,  J.,  214. 

Paterson,  J.  W.,  262. 

Peck,  S.  S.,  55,  56,  57,  58. 

Petermann,  A.,  401. 

Pfaff,  C.,  398,  400. 

Popov,  V.  P.,  482. 

Popp,  M.,  394. 

Richards,  E.  H.,  252. 

Richards,  L.  A.,  69. 

Richter,  G.,  366,  367. 

Richter,  L.,  463,  476. 

Riesbol,  H.  S.,  140. 

Risler,  E.,  434,  435. 

Robertson,  I.  M.,  277. 

Robinson,  B.,  168,  189,  190,  192,  193. 

Robinson,  G.  W.,  254,  269. 

Roller,  E.  M.,  151,  151a. 


SUKVEY   AND   DISCUSSION    OF   LYSIMETERS 


67 


Ross,  J.  C,  489. 

Rothamsted  Experiment  Station,   259, 

261. 
Ruprecht,  R.  W.,  34,  35,  36,  37,  38,  40 
Russell,  E.  J.,  185,  241,  246,  252,  257, 

273. 
Russeil,  M.  B.,  69. 
Rutkovsky,  V.  J.,  483. 
Sanborn,  J.  W.,  85. 

Sanders,  K.  B.,  172,  177,  181,  187,  189. 
Schemer,  H.,  336,  337. 
Scholz,  H.  F.,  207. 
Schropp,  W.,  382,  391. 
Schwarz,  388. 
Scott,  R.  H.,  238. 
Seelhorst,  C.  von,  350,  351,  352,  353, 

354,  355,  361,  365. 
Sen,  J.,  293. 
Seyfert,  F.,  232. 
Shaw,  W.  M.,  160,  161,  162,  163,  164, 

165,  167,  168,  172,  175,  180,  182,  183, 

184,  187,  189,  190,  191,  192,  193,  201. 
Shaw,  W.  N.,  247. 
Sherman,  G.  L.,  140. 
Shreve,  F.,  2. 

Siegert,  368,  376,  379,  380,  383,  384,  388. 
Slater,  C.  S.,  137. 
Smith,  R.  S.,  59. 
Staerk,  376,  379,  380,  383,  384. 
Stauffer,  R.  S.,  59. 
Sterk,  A.  E.,  443. 
Stewart,  A.  B.,  277. 
Stockbridge,  L.,  79. 
Stokes,  W.  E.,  39. 
Storer,  F.  H.,  81,  235,  344. 
Street,  O.  E.,  11,  14. 
Sturtevant,  E.  L.,  73,  74,  75,  76,  77,  78. 
Swanback,  T.  R.,  11. 


52. 


Tacke,  347. 

Tamate,  S.,  312. 

Taylor,  G.  H.,  5. 

Thayer,  C.  H.,  83. 

Thompson,  Alice  R. 

Thompson,  W.  R.,  488. 

Tornau,  O.,  393. 

Treibich,  368. 

Tret'iakov,  I.,  462. 

Troubetzkoy,  L.,  461,  475. 

Utz,  E.  J.,  136. 

Versluys,  J.,  447. 

Walker,  S.  S.,  31. 

Warington,  R.,  102,  222,  223,  224,  225, 

228,  237. 
Warth,  F.  J.,  297. 
Welbel,  B.,  460,  463,  464,  466, 

470,  472,  474,  476,  477,  479. 
Welsh,  H.  D.,  267,  268,  272, 

280,  282. 
Wery,  G.,  434,  435. 
Wiley,  H.  W.,  62,  411. 
Willis,  J.  J.,  233. 
Willis,  L.  G.,  154. 
Wilms,  350. 

Wilson,  B.  D.,  117,  123. 
Winkler,  A.,  465,  469,  471,  473,  478,  480. 
Winnik,  M.,  308. 
Wohltmann,  F.,  327,  335,  338. 
Wollny,  E.,  326,  328,  329,  330, 

339,  340,  341,  342,  343,  345, 

408. 
Wright,  R.  C.,  209. 
Yankovitch,  L.,  484. 
Young,  J.  B.,  159,  160,  161, 

164,  166,  168,  173,  182,  184, 
Zoller,  R.,  315,  318,  319. 
Zunker,  F.,  389. 


467,  468, 
276,  278, 


333,  334, 
401,  405, 


162,  163, 
188,  193. 


ORGANIZATION  OF  THE  UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WHEN  THIS  PUBLICATION  WAS  LAST  PRINTED 


Secretary  of  Agriculture Henry  A.  Wallace. 

Under  Secretary Claude  W.  Wickard. 

Assistant  Secretary Grover  B.  Hill. 

Director  of  Information M.S.  Eisenhower. 

Director  of  Extension  Work M.  L.  Wilson. 

Director  of  Finance W.  A.  Jump. 

Director  of  Personnel Roy  F.  Hendrickson. 

Director  of  Research James  T.  Jardine. 

Director  of  Marketing Milo  R.  Perkins. 

Solicitor _-  Mastin  G.  White. 

Land  Use  Coordinator M.S.  Eisenhower. 

Office  of  Plant  and  Operation Arthur  B.  Thatcher,  Chief. 

Office  of  C.  C.  C.  Activities Fred  W.  Morrell,  Chief. 

Office  of  Experiment  Stations James  T.  Jardine,  Chief. 

Office  of  Foreign  Agricultural  Relations Leslie  A.  Wheeler,  Director. 

Agricultural  Adjustment  Administration R.  M.  Evans,  Administrator. 

Bureau  of  Agricultural  Chemistry  and  Engi-  Henry  G.  Knight,  Chief. 

neering. 

Bureau  of  Agricultural  Economics H.  R.  Tolley,  Chief. 

Agricultural  Marketing  Service C.  W.  Kitchen,  Chief. 

Bureau  of  Animal  Industry John  R.  Mohler,  Chief. 

Commodity  Credit  Corporation Carl  B.  Robbins,  President. 

Commodity  Exchange  Administration J.  W.  T.  Duvel,  Chief. 

Bureau  of  Dairy  Industry O.  E.  Reed,  Chief. 

Bureau  of  Entomology  and  Plant  Quarantine-  Lee  A.  Strong,  Chief. 

Farm  Credit  Administration A.  G.  Black,  Governor. 

Farm  Security  Administration W.  W.  Alexander,  Administrator. 

Federal  Crop  Insurance  Corporation Leroy  K.  Smith,  Manager. 

Federal  Surplus  Commodities  Corporation Milo  R.  Perkins,  President. 

Food  and  Drug  Administration Walter  G.  Campbell,  Chief. 

Forest  Service E arle  H .  Clapp,  Acting  Chief. 

Bureau  of  Home  Economics Louise  Stanley,  Chief. 

Library Claribel  R.  Barnett,  Librarian. 

Division  of  Marketing  and  Marketing  Agree-  Milo  R.  Perkins,  In  Charge. 

ments. 

Bureau  of  Plant  Industry E.  C.  Auchter,  Chief. 

Rural  Electrification  Administration Harry  Slattery,  Administrator. 

Soil  Conservation  Service H.  H.  Bennett,  Chief. 

Weather  Bureau Francis  W.  Reichelderfer,  Chief. 


This  publication  is  a  contribution  from 

Soil  Conservation  Service H.  H.  Bennett,  Chief. 

Office  of  Research M.    L.    Nichols,     Asst.     Chief    in 

Charge. 

Hydrologic  Division C.  E.  Ramser,  Chief. 

Conservation  Experiment  Stations  Divi-     A.  E.  Brandt,  Acting  Chief, 
sion . 

68 

U.  S.  GOVERNMENT  PRINTING  OFFICE:1940 


